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PEEFACE 



The classical volume of Dr. W. B. Carpenter, written 
in conjunction with Professors Kitchen Parker and 
Rupert Jones, is still an exceedingly valuable book 
for workers in this special branch of study, for it 
contains the pioneer work of those authors on the 
morphology and microscopic shell structure of 
Foraminifera.^ The monographs of Drs. W. C. 
Williamson- and H. B. Brady ^* are also indispensable 
as works of reference. But these and others more 
recently published are voluminous and not always 
easily accessible to the student ; whilst the increas- 
ingly large number of smaller works on the subject, 
written by Continental, English, and other authors, 
which have from time to time appeared in the 
various publications of Scientific Societies and in 
periodicals and journals, are quite outside the scope 
of the general student's reading.* 

' Introduction to the Study of the Foraminifera, Ray Society 
publication. London, 1862. 

'^ Tlie Recent Foraminifera of Great Britain, Ray Society's publica- 
tion. London, 1858. 

' Report on the Foraminifera : H,M,8. * Challenger j' Zoology, 
voL ix. 1884. 

* For the literature on Foraminifera to 1888 consult C. D. Sherbom*8 
Bibliography oftJie Foraminifera, London, 1888, and the supplemental 
work, to 1898, by Paul Tutkowski, Cracow, 1898. 



X PBEFACE 

Of late years also much attention has been 
directed to the elucidation of the life history of the 
Foraminifera and other groups of the Protozoa, 
whilst fresh discoveries concerning the geographical 
distribution of the fossil Foraminifera and their range 
in time have served to make our knowledge of this 
group more complete, and in some cases have 
disturbed the generally accepted ideas about the 
early, if not the actual primaeval, forms of these per- 
sistent types of animal life. 

With a view, therefore, of meeting a demand 
which has arisen for a concise account of the 
Foraminifera, suited to the requirements of the 
student of Natural History and Palaeontology, the 
following pages have been written. 

For friendly criticism of the earlier chapters of 
this book, and for valuable advice, I am much 
indebted to Professor G. B. Howes, LL.D., F.K.S. I 
also take this as a fitting opportunity for expressing 
my thanks to Professor J. W. Judd, C.B., LL.D., 
F.K.S. , for the facilities granted from time to time, 
in the laboratory of the Koyal College of Science, for 
working out and recording observations on various 
deposits, fossil and recent, without which some 
sections of this book would have been incomplete. 

F. CHAPMAN. 

January 1902. 
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INTRODUCTORY REMARKS ON THE NATURE AND OCCURRESct** . 
OF FORAMINIFERA— IMPORTANCE OF THEIR STUDY TO TH« ;.'* 
ZOOLOGIST AND GEOLOGIST— THE STRUCTURE AND CLASSI-* 
FICATION OF THE PROTOZOA— THE POSITION OF THE 
FORAMINIFERA IN THE PHYLUM PROTOZOA. 

Where to find Living Foraviinifera. — The most 
casual observer who takes a walk by the seashore, 
especiall}' if it be in a sheltered bay with a gently 
sloping strand, will have noticed the sandy streaks 
left by the receding tide. If this sand, which to the 
eye appears like a collection of mere chalky and 
sooty fragments, be examined with a pocket lens, 
some of the whitish specks will be seen to be tiny 
but perfect shells. These delicate little shells belong 
to the lowest group or phylum of animal life, and 
they are known as Foraminifera, * hole-bearers,' as 
the name implies, on account of their internal septa 
having perforations. 

There may be other little organisms accompany- 
ing the Foraminifera in this sand, such as the shells 
or carapaces of bivalved crustaceans or Ostracoda, 
the young shells or fry of molluscs, or even seeds of 
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NATUEE AND OCCUEBENCE 



sands, however, may not contain the living animal, 
since they have probably drifted and floated on the 
tide for some length of time. 

The shallow-water sands of the Grecian Archi- 
pelago and the Levant often contain a large propor- 
tion of foraminiferal shells ; and by taking a common 
washing sponge, obtained from such a locality, in the 
dry state before it has been used, and shaking it over 
a sheet of paper, we may obtain a quantity of fine 




b'tO. 1. — FORAMIHIFEIUL tJAND 
FBOU TiDS-HABKS ON THE SHORE 
AT LlTTLKHAMPTON, SVSSKX. 
X 26. Original. 



Flo. 2.— Sand fbon a Common 
Sponge, cossistino of Fora- 

MIMFEBA, SFONOE SpICIILES, 
OSTRACODA, ShKLL FraOMEHTS, 

AMD Sand Grains, x 26. Ori- 
.jimd. 



sand which, on examination with a lens or low-power 
microscope, will often reveal countless shells of the 
Foraminifera (fig. 2). 

In order to see these tiny creatures alive let us 
take some fresh seaweed at low tide and place it in 
a glass jar of sea-water. After a short space of time 
the Foraminifera will be seen moving over the inside 
of the vessel, whither they have travelled from the 
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seaweed, and they can then be obeened with a 
moderately powerful lens. 

Living' Foniininifera are very beautiful objects 
when viewt'd by means of a back-ground illumination, 
usinfj an objective of about 40 diameters. The shell 
under these conditions appears surrounded by a sort 
of cobweb of extremely fine sarcode threads, which, if 
observed closely, will be seen to exhibit a streaming 




Jiioveinent, owing to the rapid circulation of ciystalline 
partiolcK in the sarcode, reminding one of the cyclosis 
or circulatory movements seen in the cells of certain 
plants. A reproduction of Schultze's figure of a 
living Hdplophraij mill III, given above, affords a good 
idea of the api)ear;ince of the living organism (fig. 3). 
How ill p'/id Fo-^sil Fomminifera. — Fossil speci- 
mens may also be obtained with very little difficulty ; 
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as, for example, by crushing a piece of soft white chalk 
under water, and repeatedly washing the residue, 
taking care that nothing but the fine milky fluid is 
thrown away during the process of levigation. After 
drying the residue, the powder thus obtained will 
probably yield numerous specimens of Foraminifera. 
That some chalks and limestones are largely com- 
posed of foraminiferal shells we may see by examining 




I A l'llOTO»ICROORAPH OF A ThIS $ELTI0N OF CHALK 

FBOX MissE.S'DEN, BucKiNOHAHsHiKK. v Si). Orii/tnal. 

thin slices of these rocks from certain horizons. Fig. 
4 is taken from a photomicrograph of a section of 
the chalk-rock of Buckinghamshire ; in this zone the 
Foraminifera are always abimdant. The separated 
microzoa often contain some handsome forms, as the 
next illustration {fig. 5) \YiIl show. To be successful, 
however, in extracting Foraminifera from the chalk, 
it must be borne in mind that some strata are almost 
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devoid of these organisms, and a little geological 
knowledge is requisite to secure a suitable piece from 
the proper horizon in the chalk series. 



The majority of the Foraminifera are of marine 
habit, although many such species are capable of living 
far up the estuaries of rivers, provided the water is 
brackish and well within the reach of tidal influence ; 
but under these conditions they are as a rule thin- 
shelled, chitinous, or 
dwarfed modifications of 
the more robust marine 
typos. A few forms also 
are exclusively of fresh- 
water habit. 

The shells of Forami- 
nifera are usually micro- 
scopic, averaging from 
about J^ inch down to 
1-Jjj inch (1 to "25 mm.), 
but there are certain 
genera which attain a 
comparatively large size, such as Orbitol'ifes, which 
sometimes reaches a diameter of \^ inch (1*75 cm.) ; 
NiimviuUtes, with a diameter of 4| inches (over 11 
cm.), and CydoclypeuH, 2J inches (5'7 cm.) There 
are also other genera, such as Carpetiteria and Pohf- 
trema, which by their accumulative and encrust- 
ing growth form large masses of shell material, often 
reaching 5 inches in lateral expanse and an inch and 
a half to two inches in thickness. 




Fio. 6.— Foraminifera washed 

FBOH ChAUC'ROCK Vear 1>dn- 
HTARLR. X 36. Original. 
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The Foraminifera present many features of 
interest from a zoological point of view, for they 
exhibit in certain of their families so complex a shell 
structure that it seems quite marvellous that the 
perfect details of their investment have been pro- 
duced by so lowly a type of animal life, in itself 
apparently so structureless. The great variability of 
the numerous types and so-called species of the Fora- 
minifera, and the inter-relation of genera which at 
first sight are apparently distinct, lend additional 
interest to the study of the group. 

Apart from their zoological interest, however, the 
remains of Foraminifera found in the various fossili- 
ferous strata of the earth's crust are often of great 
importance to the stratigraphical geologist, since they 
assist in determining the age of a deposit, in many 
cases helping to clear up doubtful points regarding 
the conditions under which a particular bed was laid 
down. It must not, however, be inferred that species 
or types of Foraminifera are always distinctive of 
special geological horizons, for some w^ell-marked 
forms are persistent (with some slight modifications 
in their shell structure) throughout nearly all forma- 
tions from early palaeozoic times to the present day. 
But when we study a facies or assemblage of these 
fossils from any given horizon we find it presents 
certain peculiarities which distinguish it from that 
found in another set of strata of a different age. A 
change in the aspect of a foraminiferal facies may 
also point to a change of condition under which the 
animals lived rather than to any great difference in 
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age, and in such case the earlier aspect of the fauna 
would return at a later period, provided there did not 
elapse too great a space of time, when the former 
marine conditions recurred. 

The Foraminifera have in past geological times 
been among the most active agents in building up 
the sedimentary rock masses of the earth, by secreting 
the carbonate of lime from the waters of the ocean. 




Fio. (J, — Terrioknous (Ghi 

MtTD, WITH FOBAWSIFERA. » 
Off Cape Verde, 284 (alhoins. Orirf 



Fig. 7.— Globigerina Oozr. 

Korth AlUulic, 3,TC0 fatlioms. Ori 



This work is still being carried on by them around 
the shores of continents, where their accumulated 
shells go to form, along with the land debris, the 
terrigenous deposits (fig. 6), and over large areas 
of the ocean floor, where, intermixed with coccoliths, 
they form the well-known Globigerina ooze (fig. 7). 

The organic rocks formed by the agency of 
Foraminifera are often of very great thickness and 
extent, and foraminiferal rocks are found inter- 
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stratified with other deposits in almost every 
geological formation. 

It is therefore essential that the stratigraphical 
geologist, in studying the sedimentary rocks, should 
become acquainted with the principal types of 
Foraminifera likely to be met with in this way. 



The Structure and Classification of the Protozoa. 

The Protozoa, of which the Foraminifera con- 
stitute an important group, are characterised by their 
simplicity of structure as compared with the higher 
animal groups, the metazoa. In this respect they 
correspond with the similarly elementary forms of 
vegetable life sometimes called the protophyta ; and 
indeed it is diflScult, if not impossible in some cases, 
to assign them to either the animals or the plants. 

The protozoa are typically unicellular — that is to 
say, they often consist of a single animal cell which, 
with its nucleus, is complete in itself for the functions 
of life and growth. Any increase which takes place 
is made on the same general plan as the previous 
cell — that is, without any special differentiation of 
its structure, such as the formation of tissue, for any 
particular function. The protozoa consist of a 
jelly-like substance having a colloidal consistency, 
called sarcode. The sarcode has the ability to throw 
out extensions from the main mass, either of blunt 
processes or of fine hairlike extensions. The sarcode 
body may be naked or having a covering which 
in some cases is of extreme tenuity; in others 
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there may be a denser covering or cortical layer, 
derived from the same sarcode body. These inner 
and outer portions may be termed respectively the 
eudoplasm and exoplasm. 

A good example of the protozoa may be seen in 
the amoeba, which is common in pond water (fig. 8). 

Protozoa may, at one time of their existence, 
form a coherent group or colony of cells. This, 
however, is merely a case of cohesion or aggregation 
after the increase of the original cell. 




.With regard to the phenomena and ordinary 
structures observed in protozoa we may notice the 
following as of most importance : — 

The Nucleus. — This is a small more or less solid 
body present in nearly all protozoan cells, having a 
granular structure, and sometimes containing smaller 
bodies of a like nature (nucleoli). It is capable of being 
stained with various reagents, such as picrociirmine, 
ha;matoxylin, or methylene blue. For the reproduc- 
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tion or division of the organism the presence of a 
nucleus seems essential (fig. 8, n). 

Food Particles. — Minute aggregates of solid par- 
ticles, sometimes showing their organic and adven- 
titious nature when they are incapable oi being 
completely digested (fig. 8, f). 

Globular Bodies and Contractile Vesicles. — The 
fonner are spherical spaces filled with an oily-looking 
liquid, often surrounded by an empty space (vacuole) ; 
they probably represent stages in the digestive process 
on organisms taken in as food. The liquid inclusion 
has been proved, in the case of certain protozoa, to be 
of an acid nature. 

The latter are capable of undergoing contraction 
during the hfe of the organism (fig. 8, v). 

Crystalline Bodies. — In certain of the protozoa, 
as amoeba, granules of a crystalline form occur, 
which are refractive ; they are thought to represent 
the final stage in the digestion of the food taken in 
by the organism before it is assimilated by the 
protoplasm (fig. 8, c). 

The protozoa increase by fission or binary di- 
vision and by the formation of zoospores. The 
first stage in the process of subdivision is the 
division of the nucleus. This takes place either by 
the simple process of binary division (fig. 9) or by 
the more complex and beautiful process of karyo- 
kinesis (fig. 10), in which the nuclear body is in- 
vested wdth strands of chromatin threads, becoming 
elongate and constricted in hour-glass form, and finally 
separated into two distinct bodies, the surrounding 
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cell-contents giving rise to independent organisms. 
This latter process, however, seems rare in the 
Foraminifera. 




Flo, 0.— Stages in the Losoitudisal Fiksios* of a 
Flauellate Monad — Dallinoeeia Dryi^dali. 

Protozoa are distinguished from the other and 
higher groups of animal organisms, sometimes coUec- 




FiQ. 10. — Kabvokisktic Division of thb Nccleus in AfAXTHocvsTis. 
After SchaudiiiH. 

tively termed inetazoa, by the absence of any struc- 
tures resembling the organs and tissues of the higher 
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Proteana 



animals, which perform important functions for the 
benefit of the whole being. There is, moreover, no 
evidence of an organised nervous system, although 
something approaching a sense of touch may be 
possible. 

Of the many classifications of the protozoa it 
will only be necessary to quote the two most 
generally accepted. 

The first which is here given was drawn up by 
Professor Ray Lankester in 1891. 

PROTOZOA. 

Grade A. — Gymnomyxa. (See fig. 11.) 

Sections. 

(Class I. — Proteomyxa. 

Ex. TainpyreUa,, Protouiyxa, 
Archerina. 
(Class II. — Mycetozoa. 
I Ex. The Eu'Viycetozoa of Zopf. 
Class III. — LoBOSA. 

Ex. Ainoeha^ Aj'cella^ Peloviyxa. 
Class IV. — Labyrinthulidea. 

Ex. Lahyrinthnla^ Chlamydoviyxa, 
Class V. — Heliozoa. 

Ex. A ctinoj)hrys^ Ita2)liidiophrySj 
Clathrulhia. 
Class VI. — Reticularia. 

Ex. GromiUj Lituola,, Astrorliizaj 
Glohirjerina. 
Class VII. — Radiolaria. 

Ex. ThalassicoUa, Eucyrtidiuviy 
AcantJiometra, 



Plasmodiata 



Lobosa 



Filosa 
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Lipostoma 



GitADE B.—Corticata. (See fig. 12.) 
(Class I. — Spohozoa. 
[ Ex. Gregarina, CoccitHum. 
Class II. — Flagellata. 

Ex. Mouas, Halpl iigifcu , Euglena, 
I'olvox. 

Class III. — DlSOfL.A.GELLATA. 

Ex. Prorocentrum, Cerafinm. 
Class IV. — Rhynchoflagellata. 
Stomatophora ■[ Ex. Noctiliica. 

Class \. - CiLIATA. 

l')\. Vorticella, Para m<tciu ut, 
Sfentor. 

Class VI. — AciNKTAllIA. 

Ex. Aciiti'ta, Dcitdrosoiiiii, Pudo- 
phrija. 








LABYRINTHULA 



ACTINOPHHVS 



Fio. 11.— Tyji!!* of Protokoa— Gvmnomvxa. 

The tirst division in this arrangement, Grade A, 
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includes the Foraminifera, since the sarcode body of 
these animals is capable of free extrusion, as distin- 
guished from those protozoa with a definite cortex or 
covering. Class VI. comprises the Reticulaku, which 
are chiefly marine types ; examples of the fresh-water 
types are Gromia and Diaphoropodon. This group 
takes its name from the fact that the prolongations 
of sarcode emitted by the organism form a reticulum 




VORTtCELLA 



Fio. 12.— Types of P 



L — CORTIUATA. 



of anastomosing threads. These sarcode extensions 
entrap minute organisms or other food particles, 
which are drawn to the *nouth of the test, or may 
even enter it, there to be assimilated. This 
reticulated character of the extruded sarcode is very 
distinct from that of the true Lobona, with which, 
however, they are grouped in another classification 
as Bhizopoda (Dnjardin), and which have finger-hke 
prolongations with rounded tips. These two groups 
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are sometimes referred to as Bhizopoda reticidaria 
and Bliizopoda lobosa. 

The classification given bj' Parker and Haswell in 
their ' Textbook of Zoology ' ^ is also a very con- 
venient one. The divisions or classes are more com- 
prehensive than in the previous table. Thus 
Class VI., the Eeticularia (Foraminifera) of Kay 
Lankester, is included in the 1st group, the Ehizo- 
poda, together with the Classes III., IV., V., and VII 
of that author. 

Phylum PKOTOZOA. 

Class 1. Khizopoda. — Protozoa in which the 
amoeboid form is predominant, the animal always 
forming pseudopods. Flagella are often present in 
the young, and occasionally in the adult. Encys- 
tation fro(|ueutly occurs. 

Cfass 2. ^Iycktozoa. — Terrestrial protozoa in 
which the plasmodial phase is specially characteristic, 
as is also the formation of large and often complex 
cysts. 

(.'l((S8 3. MASTiGorHoiJA.- -Protozoa in which the 
flagellate form is predominant, although the anupboid 
and encysted conditions frequently occur. 

a/ffss 4. SroKozoA. — Parasitic protozoa without 
organs of locomotion in the adult. Encystation is 
almost universal, and the young may be flagellate or 
amoeboid. 

Clfiss 5. IxFrsouiA. — Protozoa which are alwavs 
ciliated, (»ither throughout life or in the young con- 
dition. 

^ A Textbook of Zoology, vol. i. pp. 4;), 44. ^Macinillan, 1897. 
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CHAPTEK II 

THE CLASSIFICATION OF THE RHIZOPODA 

The name Rhizopoda was first used by Dujardin to 
designate that group of the Protozoa which have the 
ability of throwing out extensions of protoplasm 
called pseudoiwcliuy which may be used either for 
prehension and locomotion or for the purpose of 
gathering minute organisms for food, whence they 
derive the name Rhizopoda (root-footed animals). 
This class of animal is characterised by its extreme 
simplicit}^ of structure, and is represented in a 
general sense by the amoeboid type. In strict signi- 
fication, however, the amoeba differs from the Forami- 
nifera in having the pseudopodia finger-like or lobose 
(Lobosa ; see fig. 8), whilst the Foraminifera have 
thread-like and anastomosing extrusions of sarcode 
{Reticularia). See fig. 3. 

The Rhizopoda, according to Dujardin, constituted 
a family of the Infusoria, and his arrangement com- 
prised eight genera, as follows : — 

1, Arcella ; 2, Difflugia ; 3, Trinema ; 4, Eu- 
GLYPHA ; 5, Gromia ; 6, Miliola ; 7, Cristellaria ; 

8, VORTICULIS. 

This arrangement did not include many important 
forms, and gave distinction to others now known to 
be closely related. 

Another scheme of the Rhizopoda was published 
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by Claparede and Lachmann in 1858-9. They 
divided the group into four Orders — I. Proteina 
(including Avueha and Actinoplirys) ; II. Echino- 
CYSTIDA (Radiolaria) ; III. Gromid.e (Groniia) ; 

IV. FOKAMINIFKUA. 

The arrangement published b}- Dr. Carpenter in 
1802 is one even now followed, with certain modifica- 
tions — I. LoBOSA ; II. Radiolaria ; III. Heticulosa 
(afterwards altered by Carpenter to Eeticularia). 

It will be observed that the group of the Rhizo- 
roDA in these systems of classification comprise 
almost the whole of llav Lankester's division of the 
Gymnomyxa. 

The following in detail is one of the latest 
arrangements of the Rhizopoda, viz. that of Parker 
tmd Haswell in their ' Textbook of Zoology ' (vol. i. 
p. 4()) :— 

Class RHIZOPODA. 

Order 1. IjOROsa. — Rhizopoda with short blunt 
pseudopods. 

Order 2. LAiJYiaNTHrLn>EA. — Rhizopods having a 
network of fine pseudopods, in which corpuscles 
travel to and fro. 

Order 3. Fouaminifera.— Shelled Rhizopoda 
with fine branched and anastomosing pseudopods. 

Order 4. Heliozoa.— Rhizopoda with tine stiff 
radiating pseudopods. 

Order T), Radiolaria.- Rhizopoda having a shell 
in the form of a perforated central capsule, and 
usually in additicm a siliceous skeleton. • The pseudo- 
pods are long and delicate. 
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CHAPTER III 

THE STRUCTURE AND REPRODUCTION OF THE 
FORAMINIFERA (Rhizopoda reticularia) 

Structure. — Foraniinifera differ from the lobose 
rhizopods, such as Amfrb((y not only in the fonn of 
their sarcode prolongations or pseudopodia, but in 
having an investing shell or test composed of car- 
bonate of lime, of cemented sand-grains, sponge 
spicules, and other adventitious particles, or of 
chitin. It is true that some of the lobose forms 
possess a covering, or lorica, but these are excep- 
tional, and in the case of Arcdla it is merely a scale- 
like chitinous shield. Diffluijia also bears some 
resemblance to the monothalamous (single-cham- 
bered) forms of lieophdj', but the former genus is 
essentially of fresh-water habit. 

The body substance of Foraniinifera consists of 
protoplasm or sarcode, generally transparent and 
nearly colourless, but sometimes of a pale brownish, 
pink, or violet tint. The animal is usually divided 
into more or less numerous segments, each of which 
is separated from the adjacent one by a septal shell- 
wall, and which are connected with one another by 
slender filaments of sarcode, called stolons, which 
pass through the foramina of the septum. 

To gain an adequate idea of the appearance of 
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the living organism we cannot do better than quote 
the admirable description of Gromia which Dr. 
Carpenter gives in his ' Introduction to the Study of 
the Foranimifera.' 

* In the GroviicPy some forms of which inhabit fresh 
water, whilst others are marine, the sarcode body, 
which is of essentially the same character wuth that 
of LieberkueJniia, is enclosed in a yellowish brown 
membranous "test" of ovoidal shape, with a single 
round orifice of moderate size, through which the 
protoplasmic substance extends itself from the interior 
through the surrounding medium. When the animal 
is in a state of rest the whole of this is drawn within 
the test ; and when its activity recommences single 
fine processes are first put forth, which move about 
in a groping manner until they find some surface to 
which they may attach themselves. When this 
attachment has taken place new sarcode flows into 
them, so that they speedily increase in size ; and they 
then elongate themselves by sending out finer ramify- 
ing processes, which, in diverging from each other, 
come into contact with those proceeding from other 
stems, and, by mutual fusion, form a set of inoscula- 
tions or connecting bridges between the different 
systems of ramifications, so that the w^hole becomes 
a complicated network extending to a distance of six 
or eight times the length of the body. This network 
continues to undergo incessant changes, new fila- 
ments being put forth in different directions, some- 
times from its margin, sometimes from the midst of 
its ramifications, whilst others are retracted. Not 
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unfrequently it happens that at a spot where two or 
more filaments meet and fuse together a lamina is 
formed by the expansion of the viscous protoplasm 
that flows towards this point ; and from such an 
expansion a new set of thread-like processes is given 
off, as from the centra! body.' 




Fio. 13.— Sahlo 

FOKU, WITH A 



IE Body of Rotalia Beccarii, Mbgalospheric 
NrcLEua in the Eiohth Cbamber. « 170. 
After LUier. 



As in the case of other protozoa the Foraminifera 
possess a nucleus, and sometimes contractile vacuoles 
(fig. 13). 

For a long time, however, the presence of a 
nucleus in the Foraminifera remained undiscovered. 
It was in the genus Gromia that Dr. Wallich, 
the pioneer of deep-sea research, first observed it. 



22 THE FORAMINIFERA 

Since that time, however, this structure has been 
detected in nearly all genera which have been made 
the subject of careful observation. The following is 
a list of such genera, with the authorities : Gromia 
(Wallich, Max Schultze) ; Spiroloadina (Hertwig) ; 
Miliolina (Schulze) ; Pencvoplis (Biitschli) ; Orhitolites 
(Biitschli, Lister) ; Dendrophrija (Mobius) ; Saccam- 
mina (Rhumbler) ; Textularia (Biitschli, Hertwag) ; 
Lagena (M. Schultze, F. E. Schulze, Griiber, 
Biitschli) ; Glohirjerijia (Hertwig) ; Spirillina 
(Biitschli) ; Discorhina (BiitschU) : Truncaftdina 
(Lister); liotalia (F. E. Schulze); Calcarina 
(Biitschli) ; Fohjstomelld (F. E. Schulze, Lister, 
Verworn) ; Amphistegina (Biitschli) ; Heterostegina 
(Chapman) ; Cyclocljipeus (Lister, Chapman). 

The nucleus of the Foraminifera varies in size 
even in the same species. Lister's observations 
regarding the nucleus of Fo/z/sfcnuella cr'tHpa show it 
to vary in its diameter from -018 to 'OGG mm. The 
nucleus often contains more or less numerous smaller 
bodies (nucleoli). 

F. E. Schulze described the nucleus of Folystomella 
striatojninctata, and stated that it was a round body 
having, in some cases, a diameter of '050 mm. and 
surrounded by a conspicuous membrane of consider- 
able thickness; this latter appearance, however, seems 
to be exceptional, and Lister remarks that there is 
usually no perceptible investment of the nucleus 
other than the reticulum. Highly refracting nucleoli, 
lying in a clear and apparently fluid substance, occu- 
pied the interior. In quite young specimens only one 
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nucleolus was found, but there were often as many 
as twenty or more in full-grown specimens. Schulze 
also noticed that the nucleus occupies a position in 
the middle third of the series of chambers, and often 
lies partly in one of the narrow canals connecting the 
chambers, being preserved in its progress from one 
chamber to another. The position of the nucleus is 




1. NncleuHof PobBtomellacnspa IL) megalogplierlc rorni. 2. Xucleus with Urxe 
Tiwuolated nucleolus, in P. ccispB. S, Nucleos of same ii]ieci«s, wliivli lias lo«l 
its rounded (orm, lying within lour eegmeutn. i. Nurleux of n niegaloii|iheric 
■pecimen ol Rotalia Beccuii. After Litter, 

thus dependent on the number of chambers in the 
individual ' (fig. 16). 

That the presence of a nucleus is essential for the 
growth and reproductimi of the animal is proved by 
such observations as that of Verwom, who broke up 
a specimen of Pohjstomella, the larger pieces re- 
maining alive, as shown by their extended pseudo- 

> For further details of obsenalions on the nucleus oi the Foraminifera 
■ee Lister, Fhil. Trant. Roy. Soc. vol. 186 b, 1895, pp. 401-453. 
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podia, and only those fragmentB that possessed a 
nucleus were able to secrete fresh material to repair 
the broken shell. The outer surface of the nucleus, 
and even the nucleoli, are often covered with fine 
strands of chromatin forming a reticulum. 

The nucleoli (fig. 14) appear to be the active 
portion of the nucleus in effecting the reproduction 
from an old nucleus by the formation of a morula- 




FiG. 15. — The Bdccbssive Staoei! in the Division of the Ndcleds 
IN Calcituba polvmohpha. Afier Schaudinu and ScMumberger, 



like centre within the nucleus. An interesting series 
of stages in the reproduction of nuclei in this way 
has been described by Schaudinn in Calcituba 
polymorpha^ a Foraminifer from the Adriatic Sea 
(fig. 15). He shows that the nucleus, surrounded by 
protoplasm, is invaded by the latter, which breaks up 
into globules, penetrating httle by httle into the 
nucleus. The protoplasm disintegrates the chromatin 
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of the nucleus, rendering the mass granular. The 
external granules of the mass then arrange them- 
selves against the nuclear membrane. The central 
portion of the nucleus then reunites and forms a 
solid body of chromatin. The result of this move- 
ment is to draw the peripheral granules towards the 
centre, and to lengthen them until they are attached 
by their points only to the external membrane. 
This results in the formation of little nuclei lining 
the inner surface of the membrane ; when this mem- 
brane breaks up the nuclear bodies are disseminated 
through the surrounding protoplasm, and later play 
the part of nuclei. 

The multiplication of the nucleus is, however, 
often carried out in the simple manner of binary sub- 
division ; and a karyokinetic division has been 
observed by Lister in the nucleus of Folf/stomella 
crispa. 

Solid particles of a more or less granular structure 
are often present in the protoplasm ; they are capable 
of being stained like the nucleus by various reagents. 
They are referred to as nutritive particles, and 
probably represent various stages in the assimilation 
of food material. 

Reproduction aiid Diviorpliism. — The production 
of young in the shells of Foraminifera has long been 
known, for they were observed as long ago as 1847 
by Gervais, who noticed a brood of young shells, 
each consisting of a single large chamber, and 
numbering about one hundred, grouped together in 
the orifice of a species of Miliolina which had been 
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kept in sea water. Further, in 18;J(i Max Schultze 
noticed an example of the same genus which, after 
remaining on the side of a vessel containing sea 
water for from eight to fourteen days, produced about 
forty young individuals (fig. 16). Their shells con- 
sisted of a central chamber with a second chamber 
coiled partially round it. The condition of the 
parent shells after this process was such that 




ig extended ii>*uili>[Hidi.i. 



Schultze concluded that the protoplasiuic contents 
are used up in the formation of the )oung, for 
nothing but a little granular matter remained 
behind. 

Both Ehrenberg and Strethill Wright, a few years 
later, observed the tiny shells of young Spiiillino' 
living within the mouth of the individuals of advanced 
growth. This particular fact, indeed, suggested to 
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Ehrenberg the specific name for that form of Spiril- 
lina^ namely, S. vivipara. 

In his * Introduction ' Dr. Carpenter in 1862 
mentions the fact that Professor Kitchen Parker had 
noticed young specimens having an investing shell 
occupying the peripheral chambers of Orbifolites; 
and soon after, another independent observer, Semper, 
noticed the same thing. 

This leads us to another side of the same 
question, namely, the phenomenon of dimorphism ; 
for all the specimens found in the peripheral chambers 
of OrhitoUtes have invariably a comparatively large 
primordial cell or chamber. 

The dimorphism referred to consists in the same 
species exhibiting two distinct forms of shell. It 
was shown by Munier Chalmas in 1880 that Num- 
mulites occurring in the same strata, and having 
the same external characters, fall into two groups ; 
one possessing a large central chamber and a small 
disc, the other a small central chamber and a large 
disc. These are respectively termed form A and 
form B, or the megalospheric and microspheric stage 
of the species. This phenomenon is best seen in a 
half-section of the shell taken through the middle of 
the test, or in a thin median section (fig. 17). 

Further observations on these two types of shell 
form were made by De la Harpe on Nunnnulites, and in 
1883 and 1885 by Schlumberger in collaboration with 
Munier Chalmas on dimorphism in the Mn.ioLiixE. 
These authors have shown that in this group the inter- 
nal arrangement of the chambers is different for the 
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two forms of one species. For exainple, in BUoculin 
depressa there are two forms — A, \vith a larg 
central chamber 200-400 /i. ' in diameter, and wit 
an outside diameter of the test of 2*1 mm. ; and E 




MiLIOLlNA (QulSlJUKLOCULlKA) SEMISCLUM 




I'lO. 17. After Schlumlerger. 

with a small central chamber 20 /i in diameter ano 
an outside diameter varying from 1'5 mm. to 2-64 mm 
In form A of this species the arrangement of th( 

' /* '-" lAn luilliinetre. 
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chambers is biloculine from the commencement, but 
in form B the minute central chamber is followed by 
a series of chambers arranged in the quinquelocu- 
line manner, the biloculine arrangement not being 
attained until the eleventh chamber is formed. 
Many other genera were described by these authors 
as having true dimorphic characters. 

In the case of Orhitolites complanatay which has 
been investigated by Brady and Lister, its dimor- 
phism presents many points of interest. Form A is 
smaller than form B ; and Lister found that in a 
large series of the former the number of rings of 
chamberlets is usually under thirty, whilst form B 
has from 79 to 110 rings. As the microspheric form 
increases in size the edge of the disc becomes 
double, so that a radial section at right angles to 
the plane of the disc is Y-shaped. The marginal 
chambers of this form (B) are not divided into small 
chamberlets, but consist of large chambers as high 
as the disc is thick. These brood-chambers, as they 
are called, contain the young forms, which in all 
cases are megalospheric. The megalospheric forms, 
on the other hand, often show numerous compact 
bodies of different sizes and irregular shape, derived 
by disintegration of the nucleus. 

The megalospheric form is, as a rule, much more 
abundant than the microspheric. Of Polijstomella 
crispa Lister gives the proportion which he found 
of forms A and B as 34 to 1. Of Adehsina j^olij- 
(jonia Schlumberger gives the proportion as 8 to 1. 
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Of HeterofstegifKt (leptnuia the difference is still more 
marked, being as great as 300 to 1. 

In the megalospheric form of Polt/fihmiella crispa 
Lister states that the breaking up of the nucleus 
gives rise to numerous small nuclear bodies, each 
of which afterwards becomes a centre of a flagellated 
zoospore. 

The general conclusion from the observations 
which have bc^en made on dimorphism by some 
authors is that, rather than a sexual difference, 
the two forms n^present alternate phases of genera- 
tion ; for the n^ason that both the megalospheric 
and microspheric tc^sts can produce megalospheric 
young. 

Some recent observations by Schaudinn ^ have 
thrown light on the hitherto obscure and curious 
phenomenon of fus(^d tests often found in the 
Foraminifera, as in Tcxtnldria fidiuin, PateUiiia, 
and Discorhhui. This is due to the conjugation of 
two or more individuals, whose nuclei are in a state 
of rest, that is, not undergoing subdivision. Maupas 
had already pointed out that by long-continued 
fission the lower forms of life were liable to weaken- 
ing and final extinction, but by fusion of the proto- 
plasm and contents the organism undergoes re- 
juvem^scence. The process of fission of the nucleus 
has been termed Karyogamy, and the process of 
fusion of the cytoplasts Plastogamy. Hartog defines 
Plastogamy as the cytoplastic union of cells without 

^ * Ueber riastoj^aiiiit' bei Foraiii.,' SUr.. (ivmUach. natnrforsch, 
Frcuu(h\ 189r>, No. 10. 
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nuclear fusion. The plastogamic reproduction of 
Discorhina is shown by Schaudinn to occur as 
follows. The rtat or inferior faces of the tests are 
brought together with the apertures coinciding. The 
walls of the last fonned chambers are sometimes 
resorbed, and an enclosing shell made around the 
space between the tests. Then follows the breaking 
lip of the nuclei, and the formation of embryonic 
young, which speedily fonn their own investment 
to the extent of two or three chambers before 
breaking away from the enclosing shell. 
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Of Heterosteglna depreasa the difference is still more 
marked, being as great as 300 to 1. 

In the megalospheric form of Pohjstomella crisjpa 
Lister states that the breaking np of the nucleus 
gives rise to numerous small nuclear bodies, each 
of which afterwards becomes a centre of a flagellated 
zoospore. 

The general conchision from the observ^ations 
which have been made on dimorphism by some 
authors is that, rather than a sexual difference, 
the two forms represent alternate phases of genera- 
tion ; for the reason that both the megalospheric 
and microspheric tests can produce megalospheric 
young. 

Some recent observations bv Schaudinn ^ have 
thrown light on the hitherto obscure and curious 
phenomenon of fused tests often found in the 
Foraminifera, as in Tcxtularia folium, PdteUhm, 
and DiHcorhinn. This is due to the conjugation of 
two or more individuals, whose nuclei are in a state 
of rest, that is, not undergoing subdivision. Maupas 
had already pointed out that by long-continued 
flssion the lower forms of life were liable to weaken- 
ing and final extinction, but by fusion of the proto- 
plasm and contents the organism undergoes re- 
juvenescence. The process of fission of the nucleus 
has been termed Karyogamy, and the process of 
fusion of the cytoplasts Plastogamy. Hartog defines 
Plastogamy as the cytoplastic union of cells without 

^ * Ucber riasto^aniio bei Foraiii.,' SUz. Gasrllnch. natiirforsch, 
Frciuuh'y 1895, No. 10. 
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nuclear fusion. The plastogamic reproduction of 
Discorbina is shown by Schaudinn to occur as 
follows. The flat or inferior faces of the tests are 
brought together with the apertures coinciding. The 
walls of the last formed chambers are sometimes 
resorbed, and an enclosing shell made around the 
space between the tests. Then follows the breaking 
up of the nuclei, and the formation of embryonic 
young, which speedily form their own investment 
to the extent of two or three chambers before 
breaking away from the enclosing shell. 
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CHAPTER IV 

THE SHELL yTllUCTURE OF THE FOHAMINII-ERA AND 
THEIR PLANS OP GRO\\TH 

It is due to the fact that the Foramiuifera present 
such au extensive variety of regular and beautiful 
forms that their shells are so much in favour with 
beginners in inicroscopy. 




The plan of the shell is dependent upon the 
arrangemeut of the continuously budded segments, 
and this is partially determined by the form of 
the primordial or initial chamber. It may be that of 
a straight series of segments, gradually increasing 
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in size, as in Nodosarin ; curved, as in Marginulina ; 
or coiled, as in BntaVm. 

The shell is, as it were, moulded upon the 
sarcode of the organism, and when we can obtain 
a cast of the shell — and this often happens in the 
case of the fossil Foraminifera — we have a perfect 
representation of the form of the animal (figs. 
18, 19). 

This featnre of continuous segmentation of the 
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Fio. 19.— Anomalina amuonoidi:!< (Ukush), Upper Chalk. 

Afiei- Eleij. 

a. Shell ; b, iiiternul ca^l. Highlj- mogtiilieil. 

body in the Foraminifera gave rise to the term Polij- 
thalamia (many-chambered), which was apphed to this 
section of the order by Schultze. It will be seen subse- 
quently (Chap. V.) how the early obsei-vers were misled 
by the external form of the Foraniinifera, which, in 
spiral shells, such as CvifteUdria and Polystoinella , 
resemblethoseof cephalopods,as JVrtHii7»sandiS'/}(rH/rt, 
except that they are much more minute. The inter- 
nal appearances of the shells of the two groups are. 
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however, fundaiiientally different. All the chambers 
in the Foraniinifera are occupied by the sarcode, 
whilst the cephalopod molluscs inhabit only the 
last chamber, leaving behind them in the earlier 
chambers merelj' a stolon or siphuncle. There is 
also another difference between the two groups, for 
while the septal face in the Nautilus is concave 
anteriorly, that in the foraminiferal shell is generally 
convex. 

All Foraminifera are not nuiltilocular, for some 
genera consist only of a single chamber at the most 
advanced stage of growth, as, for example, the 
chitinous form Groinia^ or the calcareous Lagena, 
These were referred to as ^lonothalamia (single- 
chambered) in Schultze's classification. 

The Shell Structuke. 

The sh(»lls of the Foraminifera, although formed 
by one of the simplest types of animal life, often 
show (juite a complex structure. The outer shell- 
wall is non-tulmlate cmly in the group of the 
Porcellanea or Tmperforata ; but in all the sub- 
divisions of the Foraminifera the septa dividing the 
chambers are perforated by a tube or tubes called 
stolon canals or passages (fig. 20), by which the 
sjircode has free communication from chamber to 
chamber, and which allows the passage of the nu- 
cleus and other bodies contained within the proto- 
plasm. These perforations of the septal walls are 
identical with the oral apertures seen on the last 
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septal face of a foraininifer, and they constitute 
the external apertures of each chamber in succes- 





l'i>;. 20. -Mkdian Section-;* oy Foramisikkka, sHowisit Stolos 

I'.tSMAIiES THHOL-OII THK SKI'TA. 

i = IViien)l>li«, Willi iniperfomte -.lii'll-wiill ; K-Cri-Ml.irm, «ilU p«(oriit>^ 
sli.ai-w,ill, 

sion as the segmental buds are added to the growin;,' 
shell. 

The stolon passafj;es are, as may he supposed, 



more numerous in the imperforate group, whitli, 
^'t-nerally speaking, has a series of apertures, as in 
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PeJieroplis and Orhiiolifes ; but are represented in 
the perforate group usually by a single opening or 
slit placed either on the inner or outer border of 
the shell in curved and coiled forms (fig. 21). 

The group of the Perforata, as the name sug- 
gests, is distinguished by having a tubulated shell- 
wall. The tubules vary greatly both iu number and 
also in diameter in the various genera. Usually 
the number of tubules varies, according to their 




Fni. 22. X 33-2. 
le ahell-wttll of CBtt>eiitetU ; b = fii 
(trigina I, 



tabuli ill Amphislegina. 



size, in a proportionate manner; that is to say, 
the coarsely tubulated shell-wall has tubules placed 
at considerable intei'vals, whilst the finely perforate 
types have the shell-wall crowded with them. Those 
shells which have coarse tubules appear punctate 
when the surface is examined with a lens ; but 
surface punctations are not always indicative of 
tubulation. An example with coarse tubuli is Car- 
penteria, in which the perforations have a diameter 
of -1 mm. (fig. 22, a). The tubuh in Aviphistegim 
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are verj- fine ; they are about 'Ol mm. in their 
transverse section (fig. 22, b). Certain parts of the 
shell are not tubulated in the hyaline or perforate 
group, and these layers may be regarded as an 
exogenous growth. This secondary structure is 
found only in the higher types of foraminiferal 
shells, and chiefly in those which have a double sep- 
tum—that is, a complete and separate investment 
to each segment, as in Botalla (fig. 23). It is seen 




Fio. 23. — Median' Section of Kotalia Heicarii, showing Intebsbptal 
Canals (int. c), Exouenous Shell-i.ai-ee (ex.), and Tvbvli 
(t.). » 30, Oriijinal. 

Oil the external part of the shell, filling up sutural 
lines and umbilical depressions, and even forming 
11 thick superficial coating to the shell or internal 
pillars, thereby adding greatly to the strength of 
the shell-wall. This \a.yei often imparts an orna- 
mental aspect to the surface of the shell in the form 
of beads or cones with the apices directed inwards, 
and the convex bases exposed, as in C ijchdypeUH 
(tig. 24) ; or it may take the form of spurs and 
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processes, as in Calcarina and Thioporus. This 
exogenous shell layer, which was termed the in- 
termediate or supplemental skeleton hy Carpenter, 
is usually accompanied by a secondary stoloniferous 
system, called interseptal canals. Carpenter regarded 
this structure as a residual one, resulting from the 
imperfect junction of the septa and the supple- 
mentary skeleton, thereby causing certain portions 
of sarcode to be surrounded or partially cut off, 
although, in many cases, roinmunicHtion is probably 




kept up for nutritive purposes between them and the 

sarcode in the t-liainbers of the shell. 



The Shell Textuke. 

There are two piincipal types of shell texture in 
the Foraminifera, known as the jiorcellatious and 
the hi/alhie, which are usually taken as fundamental 
in classifying this order of animals. Two other 
prominent t}pes of shell texture are also met with, 



THE SHELL STEUCTURE 39 

the arenaceous and the chitinous ; but these occupy 
a subsidiary place in the classification, for the genera 
which they comprise have representatives also in the 
hyaline and even the porcellanous groups. 

1. Imperforata or Porcellanea. — This tjpe of 
shell is, as the first* name implies, without perfora- 
tions in the shell wall, and the emission of the sar- 
code filaments (pseudopodia) is effected by the oral 
aperture only. The appearance of the shell is of a 
chalky white, generally glazed, and somewhat like 
porcelain. The shells, when seen by transmitted 
light, either in thin sections or, in the case of thin- 
shelled or young forms, when mounted in a medium 
like Canada balsam, appear of a pale horn-brown 
colour. 

The mineral constituent of this type has long 
been supposed to be carbonate of lime in the form 
of aragonite. This appears from recent researches, 
and from the author's own experiments, to be 
extremely doubtful, and is more likely to be an 
intermediate mineral condition in which the organic 
element is intimately mixed with the mineral, and 
probably corresponding with the new mineral species 
^Conchite. One powerful argument against the view 
^that the porcellanous shell is composed of aragonite, 
'^Avhich is a very unstable mineral, is the fact that 
''certain calcareo-argillaceous rocks of Carbo-Permian 
age from Australia have recently been described, 
which are largely made up of the tests of a wild- 
growing or meandering form of Nuhecularia in 
which the shell texture is exactly comparable with 



40 THE FORAMINIFERA 

that of the recent porcellanoiis forms of the genus. 
The group of the iniperforata is chiefly comprised 
within H. B. Brady's family of the Miliolid^. 

2. Perforata or Hyalina, — These forms have a 
shell-wall which is perforated by minute tubes 
that pass to the external surface of the shell. 
The sarcode is extruded through these tubulin 
and more or less covers the outer surface of the 
shell in the living animal, breaking up into reticu- 
lating and anastomosing pseudopodia ; or in other 
cases is extruded directly from the tubuli as fine 
threadlike pseudopodia. The sarcode is also, as 
in the previous group, extruded through the aper- 
ture on the last septal face, and by other apertures 
which mav exist on the external surface, such as 
the lateral series of perforations in Polystoinella. 
The shell texture of this group is usually trans- 
parent and glassy, hence the term hyalina. The 
shell itself is composed of carbonate of lime in the 
form of calcite. 

This group comprises the remainder of the 
Foraminifera, with the exception of the families of 
the Gromhixe, the Astkukhizid.i-:, the Lituolid^, and 
a part of the family of the Textulaiuid.e. 

3. Arenacea. — This group is distinguished from 
the two previous in having a test not secreted by the 
organism, but constructed by it from adventitious 
particles picked up from its surroundings, and ce- 
mented together by a modification of the sarcode 
itself. In this respect it often resembles the curious 
little cases formed by the caddis worm, as, for 
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example, in lihizammina. The material thus used 
in building the test may be sand grains (volcanic 
dust, quartz, calcareous, or glauconite grains), sponge 
spicules, or even the small tests of other Foramini- 
fera, as in the case of RMzavimina and Reopha.r. 
In the genus Carte rhia the organism, however, does 
not rely on its surroundings for building material, 
but itself secretes innumerable deUcate little fusiform 
spicules of a calcareous nature, with which to form 
its test. 

A noticeable feature of all arenaceous Fora- 
minifera is the invariably smooth internal lining 
to the test, which is glazed over with a film of 
chitinous or sarcodic material ; . the exterior, how- 
ever, may vary from the neatly cemented and 
smooth-surfaced test of Trochanimina to the coarsely 
agglutinated covering of a Huplophragminin or a 
lieophax. 

Many arenaceous species are isomorphous, as 
regards external form, with species of other and 
distinct groups, such as HapJopkragmlum with 
Anomalina^ or Placopailina with Nnhecularia. 

That the arenacea is not a true zoological group 
is borne out by the fact that both arenaceous and 
hyaline types of shell structure exist in the same 
natural group or genus, as seen in Textidaria or 
Verneuilina. 

The whole of the families of the AsxROimiziD.E, and 
the LiTUOLiD.E, and also a part of the Textularud.e, 
have arenaceous tests. 

4. Chitifioua Form.^. — The members of the family 
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(tromiid^ have no ciiL.areous shell, but are chitiiious 
or homy in texture. This particular kind of invest- 
ment is also found in a few forms in the genus 
Miliolhia and in some usually arenaceous genera ot 
the family TExruLAKnixK, 



Desciuptive Tehminologv. 

Before proceeding to discuss the subject of the 
various methods of growth in the foraminiferal shell 
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Via. 25. — An Involute Xautiloid Foraminifkh, Noniomna pkiuks^ula, 

TO ILLUSTRATE THE EXTERNAL TaRTS OF THE SlIELL. 

it will be well to give a few of the terms used in 
describing the parts of the shell and tht'ir relations 
to (me another. (See tig. 'lo.) 

The outward indication of the septum is usually 
either a ridge or depression — the iicjftal II nr ; some- 
times the suture is Hush with the shell surface, and is 
then only recognised by a difference in its trans- 

lucency. 

The superficial area of the septum is called the 
mptal 2>lfifi(' or septal fiice. 
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In the nautiloid forms the entire shell has two 
lateral faces and a jjerijjJieral vianjin. 

The septal plane has three angles, a i^eriplieraJ 
and two umbilical angles. 

Each segment has three marg'uis^ a i^osierior 
(nearest the primordial chamber), an anterior (nearest 
the oral aperture), and a peripheral. 

In trochoid shells the surface on which the 
primordial segment appears is termed the poHterior or 
Hujjerior surface^ whilst the opposite, usually flat side, 
is the inferior surf ace. 

In the nodosarian type the lateral aspect is that 
seen when the shell is viewed lengthwise ; the oral 
or anterior aspect being that seen when the ultimate 
septal face is presented to view. 

In compressed forms, as Li}igulina, we speak of 
the edge of the shell as li'n peripliero-lateral aspect. 

The two ends of the rectilineal shell are referred 
to as the aboral (= proximal) extremitj', and the oral 
(= distal) extremity. 

Plans of Growth. 

We have already seen that certain of the 
Foraminifera, as Lagena and Groniia, are single- 
chambered, which is the result of a complete 
separation of the segments of sarcode, each having 
a distinct shell. When, however, as is usually the 
case, the sarcode body consists of man}' connectt^d 
segments, these are arranged according to a definite 
plan or tendency inherent in the primordial and 
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early chambers ; and the position of the aperture of 
each chamber, which subsecjuently becomes a stolon 
connection, detennines the axial direction of growth 
for the succession of chambers. A lagenifonn 
chamber with the aperture arranged centrally would 
be followed by a rectilinear series of chambers, each 
connected by a central stolon, and this would give 
rise to a form like Nodosaria. 

There is every gradation between the rectilinear 
and the spiral mode of growth, and an alteration in 
the plan often occurs at a later stage of the growing 
shell, some genera embracing the two kinds, as 
l^oieropHa^ which in several of its species com- 
mences with a spiral followed by a straight series of 
chambers. 

Spirally formed shells present many modifica- 
tions, the simplest consisting of a coiled tube wound 
on the same plane, as in S])iriU}n(i. Or the tube 
may be wound in a conical manner, as in Invohttimi. 
Segmented spiral shells, when ct^iled in one plane, so 
that in the peripheral aspect they are equilateral, are 
termed nautiloid; when the shell is more or less 
conical, the primordial chamber occupying the apex, 
the shell is trochoid or turbinoid. The whorls in the 
latter instance are only visible on one face, the 
superior. The coils of the spiral may be either 
evolute, as in OpercuJina, which has the whorls 
entirely exposed on both surfaces, or involute, as in 
PoIf/.sfofnrUa or Cri.stdlaria, in which the shell is 
covered up at each successive turn, usually only the 
last whorl being visible. In the last-named genus 
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when the specimen is megalospheric — that is, with a 
large central chamber — there is a boss generally 
visible at the umbilical centres of the shell, the 
exterior of the megalosphere ; for this is usually left 
uncovered by the involving series of chambers of 
later growth. Sometimes the coiling of the shell is 
rapid, and then there are few chambers to each 
turn, as in Glohigerina. 

Leaving the forms which have a series of 
chambers arranged along a single axis, we come to 
the biserial forms, those which have two rows of 
segments side by side, which are not connected 
with each other on the same line of gro\vth, but are 
connected by stolons to the segments above and 
below on the ojypositc side, as in Texfularia. Other 
forms are in a similar manner arranged in three rows 
(triserial), as in Tritdxia, 

Another plan, the cyclical method of growth, 
seems to be derived from the spiral, for both in 
OrhitolitcH and Cjjclochjpeus the earlier segments show 
a tendency to a spiral manner of grow^th, but this 
soon changes into the concentric by the segments 
budding, not on one side only, but all round, so as to 
form a ring or annulus of chamberlets. 

There are many other fundamental forms — for 
instance where the axis has, so to speak, been 
twisted during the growth of the shell, as in Buli- 
mlna. Others are represented not only by the 
apparent twisting of the axis of growth, but also by a 
folding and inroUing, which are represented by the 
forms Cassidulina and Ehrenbergina. 
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The plans of j^rowth in the Foraminifera formed 
the basis of D'Orbigny's classification, and he 
<jjronpe(l the various forms in seven orders^ (fig. 20). 
These are «,nven below, to afford an idea of the great 
variaticm in the foraminiferal shell. 

1. MoNosTEGA. — Body consisting of a smgle seg- 
ment : shell of one chamber. Flask-shaped, as in 
Lfffjena ; spherical, as in Orbnlina ; cylindrical and 
coiled, as in Cornfisjfira. 



/ ■ 



' •«<■.•. 
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MONOSTEGA CYCLOSTEQA 8TICH0STEQA 




UGENA ORBULINA 








HELICOSTEQA 



ENTOMOSTEGA ENALLt^TEGA A6ATHISTEGA 




CRISTELUmA 



PISCORBINA BUimitiA TEXTULAMA SPtMLOCOmA 



r ■ 

Fni. 26. D'Okhujny's C'lassikication of the FoRAiinciKERA, 

ILU'STIIATKD HY SkLKCTKI) TYPES. 

2. Cyclostkoa. — liody discoidal, composed of con- 
centric lines of segments, simi)le or nuiltiple, never 
spiral. Examples: OrhitoUtrs^ ([fjc/oc/jjpeH.s. 

:{. Stichostixja. — Body composed of segments 
disposed in a single line. Shell consisting of a linear 
series of (chambers. Straight, as in Xodo.sdn'a ; curved, 
MS in Man/i/ttilina. 

' ( 'oKVS Eictmiifai'rc tie PaUontolotjic ct ilc Gvologie Stniti'jraphujiit\ 
vol. ii. p. 189. Paris, lHiV2. 
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4. Helicostega. — Body consisting of a spiral series 
of segments. Shell made up of a number of convolu- 
tions. The spiral may be either nautiloid (flat), as in 
CriafelJaria^ or turbinoid (conical), as in Discorbinn. 

o. Entomostega. — Bodj" consisting of alternate 
segments spirally arranged-: shell chambers disposed 
on two alternating axes forming a spiral. Example : 
HuJinihid. 

0. Enallostega. — Body composed of alternate 
segments not forming a spiral ; chambers arranged 
on two or three axes which do not form a spiral. 
Examples : Textulnria, Bolivutd. 

7. Agathistega. — ]iody consisting of segments 
wound round an axis : chambers arranged in a similar 
manner, each investing half the entire circumference. 
Examples: Biloctilifia, Mi/io/i/ta, 

liesides the foregoing types there is another 
method of growth, which is provided for in Schultze's 
classitication of the Ehi/opoda. in which the segments 
are arranged without any general plan, apparently 
heaped together in an acervuline mass, as in G///>- 
sintt. 

Schultze's classitication is as follows : — ^ 



B. TESTACEA (including Fommbiifem and 

ArceUina). 

1.. MoAoTHALAMIA 

(=Monostega of D'Orbignj', and ArceUina). 
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'2. PoLYTHALAMIA. 

/Cyclostega, D'Orb. 

Holicostejja, D'Orb. 
A. Ilrlin^itlnf = -^ Kiitoinostega, D'Orb. 

Knallostega, D'Orb. 
^Ajj:athiste}2;a, D'Orb. 

n. lUhihiloidva = Stichostoj^a, l)X)rb. 

K\ Son^iih'tt, Contains the genus Acervulino, 

Sehult/e (= Gjipsina). 



The aho\r v lassifieatorv schemes, based entirely 
on external iv»niu ilo not alKnv for those types of 
KvM'atuinifeva whieh ihanue their phinof growiih once 
or e\e\i twiee durini; their development. For ex- 
atnple, ^"^^ ^v v ' is at lh*st of a nautiloid-spiral 
tornu then biMniaL anvl afterwards uniseriaU thus 
pv^ssessiui; i hav;u ter> w hivh belong to orders 4, 0, and 
'i v^l P\hlMi;v\\ I la^sitUativnu in sueeession. Or 
II • . . \ wlv.v i\ i^ at tli-st milioline and then plauo- 
sinral. Suv -^ ^\^iiiele\ tv^iiis aiv >pokeu of us lUmor- 
N and . >:. 

N' '/.\' ^ . \ F i .--When two or 

i-":vnv vvti:>s vh^:iiv: ::\ sLull strui^tuve exJiibit similar 
e\:e*'^cl v^u:>.', v - :lu \\ ;iie >;w:d :o be i><^iuorphou>. 
Vx ovr-v^v- .1! v.Vi; :•>« <: • o: Foniiuiuifeni 
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PORCELLANOUS. 

Corniispira 

Peneroplis 

Orhwiilina 

OrhitoliteH 

Alveolina 



Hyaline. 

Sjnrillina 

Operculiria 

Heterostegina 

Cycloclypeivs 

Fusitlina 



As examples among Species the following are 
given : — 



PORCELLANOUS. 

Cornuspira 
involvens 
Nuhecidaria tibia 

Peiieroplis 
cylindracea 



Hyaline. 



/: 



Spirillina 
viiri'para 

Nodosaria 
pyrula 

Cristellaria 
elegans 



Arenaceous. 

Aimnodiscus 

incertus 
Beophax 

nodulosa 
Haplophragmiu m 

agglutiiia^is 



E 
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CHAPTER V 

THE IDEAS OF THE EARLY AUTHORS REGARDING THE 

FORAMINIFERA 

It will now be interesting to consider the various- 
ideas of the early writers concerning the natufe of 
Foraminifera ; and thus, by following the gradual 
progress of thought which eliminates the erroneous, 
we may more clearly see the reasons for the con- 
clusions arrived at up to the present time. 

Very little seems to have been known about the 
Foraminifera before the time of Linmeus. The dis- 
coid (coin-shaped) form known as the nunimulite, 
and which largely constitutes some of the Eocene 
limestones of Egypt and elsewhere, appears to have 
first attracted attention, presumably on account of 
its unusually large size. Probably the first writer 
who noticed them was Strabo, who mentions their 
resemblance to lentils ; and, since they were found 
round the bases of the pyramids, they were fabulously 
supposed to be the pulse-food dropped by the work- 
men, which afterwards had become petrified. 

Long after this many other observers gave de- 
scriptions of Nummulites, notably Agricola in 1558 ; 
Conrad Gesner in 1565 ; Scheuchzer in 1G97-8, who 
described them as ' Lentes lapideae striatie,' &c. ; 
Edward Lhuyd in 1G99 ; and Brueckmann in 1727, 
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who gave a good figure of his 'lapidus numismahs,' 
which is a fine example of Nummtdites complanata. 

One of the first naturahsts to notice the minuter 
Foraminifera which are so frequent in shore sands and 
the later Tertiary deposits was Beccarius (J. Beccari), 
who, in 1731, described the various minute shells he 
found in the yellow Pliocene sands near Bologna. 
Beccarius also mentions the shore sand of Rimini, on 
the Adriatic coast, a locality which afterwards yielded 
mxiny interesting specimens to another observer, 
Janus Plancus (Giovanni Bianchi), who published 
his well-known memoir in 1739, on the minute shells 
from the shore sand at Rimini. In this collection 
there are many characteristic Foraminifera, and they 
are referred to generally as * Cornua hammojiis.'* The 
figures which Plancus gave show that these forms 
belong to the genera Nodosaria^ Crutellaria^ Tlotalia^ 
and Polystomella. Some of Plancus's specimens were 
evidently derived from, or washed out of, the Tertiary 
clay cliflfs near at hand. 

The early observers, it should be noted, classed 
the minute shells of the Foraminifera with the 
Nautilus and Herpnlce, under the supposition that 
they were small individuals of the larger marine 
shells. 

The figures and descriptions given by Plancus 
(1739), Gualtieri (1742), and LedermtiUer (1760-68) 
were assigned specific names by Linnaeus in the 12th 
edition of his ' Systema Naturae ' (1766-67), and in 
Gmelin's edition of the same work (1788-93) the 

k2 
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forms given by Spengler (1781) and Schroter (1793) 
were included. 

Another observer, Soldani (1780-98), described 
a large number of recent and fossil forms from the 
shores of the Mediterranean, but he did not adopt 
the binomial nomenclature of Linnaeus's system. 

The work written by Walker, Jacob, and Boys on 
the minute shells from the sand of Sandwich Bay 
(1784) made us familiar with the ordinary British 
species of Foraminifera, but they were still referred 
to such genera as Ncuiti/u.s and Serpula. 

Montagu, in the * Testacea Britannica ' (1803), 
also retained these generic names for the ordinary 
coiled and straight forms, whilst Fichtel and Moll 
(1798) published an important memoir on the coiled 
shells which they included in the genus Nautilus. 

In his ' Cours de Zoologie ' Lamarck, in 1812, 
referred the Foraminifera either to the group of 
molluscs known as Cephalopods or to the Corals, 
according to the external appearance of the shell. 
The genera established by Lamarck in this work are 
among the most important now in general use, as 
Nodosaria, Cristellaria^ and Botalia, although the 
zoological position they were then thought to occupy 
is incorrect. 

De Montfort (1808), l)e Blainville, and Defrance 
(1816) figured and specified many new forms, but 
they also retained the old idea of grouping them with 
the Cephalopods and other organisms higher in type 
of structure than the Protozoa. A great advance, 
however, was made by A. D. d'Orbigny in his sys- 
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tematic view of the class Cephalopoda (1826), in 
which he separates the Foraminifera from the rest of 
the group.^ D'Orbigny divided the class Cephalopodes 
as follows : Order I., Cryptodibranches ; Order II., 
Siphonif^res ; Order III., Foraminiferes. The last- 
named order was distinguished by having a cham- 
bered shell, with communications between them by 
means of holes or foramina in the septa. Hence the 
name Foraminifeka (hole-bearers). The foramina 
are in reality the stolon passages between the cham- 
bers, and not the tubules or perforations of the outer 
shell wall, as is sometimes mistakenly asserted, which 
are only characteristic of one of the divisions of the 
Foraminifera. This distinction will be seen on 
reference to fig. 20. 

Various other names, such as Tkematophores, 
PoLYTHALAMiA, and Thalamophora, have been used for 
designating this group, but the term Foraminifera 
has obtained the widest acceptance among natu- 
ralists. 

Finally, to Dujardin (1835) the credit is due for 
conclusively proving that the Foraminifera are not 
cephalopodous molluscs, but that they are of much 
lower organisation, and that their relationship is 
with the Rhizopoda. 

Since that time Ehrenberg, Williamson, Car- 
penter, Carter, Parker, and Rupert Jones, as the 
pioneers in the discovery of facts concerning this 
important group of animals, have been followed by a 

' See * Tableau M^thodique de la Classe des Cephalopodes,' in Annales 
des Sciences Naturelles, vol. vii. p. 245. 
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larze Eiiimber of enthusiastic workers. There vei 
TKia^ins. however, much to w accomplished in the 
elricidatiLC of the life history of the F'-raminiiera, as 
well as in making: careful observations reeardin^ 
their distribution in time and space. 
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CHAPTER VI 

THE CLASSIFICATION OF THE FORAMINIFERA 

Every classification is more or less artificial and 
imperfect, and this must especially be the case with 
a variable order of animals like the Foraminifera. 
It is inconceivable that any type of animal life 
underwent a series of changes in any direct line for 
very long, without interference from dissimilar infiu- 
eiices, the stronger prevailing; and thus a devious 
path would be tracked out, defying all our attempts 
to place certain groups in definite order or sequence 
with regard to others. Instead of a graduallj" 
branching phylogenetic tree we should, to be accu- 
rate, have to make an arrangement taking the form 
of a net, in which the species were represented by 
the knots which unite the threads, the latter standing 
for the series of intermediate forms connecting the 
species. A difficulty would arise in determining 
where the knots were to be placed — that is to say, 
what were the types to be retained as such — and the 
extent of the connecting threads. 

The division into genera and species is the 
outcome of a selection of what the systematist is 
pleased to regard as types, whilst the intermediate 
(conditions are either considered as varietal or, what 
is more often the case, ignored altogether. It is 
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possible to take a large series of a common form from 
one locality and to arrange it gradationally. By this 
means we can sometimes determine that the two 
extremities of the series have as high a specific value 
as many so-called species which occur but rarely. If 
this can be demonstrated with a series of specimens 
from a single locahty, it is easy to conceive what an 
enormous variation obtains with regard to what we 
imagine to be a specific type over the whole of the 
faunal area. Although this is true of many of the 
Foraminifera, there are numerous type forms which 
are well worthy of a specific name, for they present 
marked characters of their own, and have shown 
persistent characters throughout many successive 
geological ages. 

Notwithstanding all that has been written against 
the principle of using the character of shell-texture 
as a prime factor in the classification of the Fora- 
minifera, this method has very much to recommend 
it; and it also, besides its convenience, possesses 
some merits for being a natural arrangement, so far 
as it brings together certain tribes and types which 
are clearly related to one another, even if they have 
not emanated from the same prototype. 

The classification of H. B. Brady (1884) is based 
on the earlier systems of Eeuss (1861), Carpenter, 
Parker, and Jones (1862), and of Rupert Jones (1876). 
The chief dilBerences in Brady's classification are the 
amalgamation of the families and the institution of 
sub-families ; the creation of a new family, the 
AsTRORHiziD.E, which received large accessions by the 
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examination of the rich collections dredged by the 
' Challenger ; ' and the removal of the Textularida 
and the Buliminida to a separate family, the Textu- 
LARUD^. The retention of this latter group would 
seem to throw doubt on the utihty of regarding differ- 
ences of shell structure as a canon of classification, 
since this family contains examples of both types of 
structure, the arenaceous and the hyaline. There is 
also another weakness in the arrangement, which has 
been lately emphasised by Continental systematists, 
as Eimer and Fickert, and was also remarked upon 
by Brady himself — namely, the presence, in the family 
of the LiTuoLU)^, of numerous arenaceous isomorphs 
of the hyahne forms. 

But, with the exception of these perhaps unavoid- 
able discrepancies, Brady's classification has the 
merit of being quickly and easily understood by the 
student of Foraminifera, and it certainly holds the 
field in point of the number of writers w^ho still make 
use of it. 

It will be useful, however, to insert at this place 
three of the latest classifications of Foraminifera. 

Dr. Biitschli (1880) divides the Rhizopoda, as did 
Max Schultze, into two sub-orders, Ama^hcea (Nuda, 
Schultze) and Testacea. 

Testacea, M. Schultze. {Thalamo2)hora, R. Hertwug.) 

A. Tribe. — Imperforata, Carpenter. 

Family 1. Arcellina, Ehrenberg. 
„ 2. Eughjphina^ Biitschli. 
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Fainihi 3. Groiniinn^ Biitschli. 

„ 4. Aniphistomina, Biitschli. 

„ 5. Miliolid'nia {MilioUdea Reuss, + pS^rs 

Lituolidannn). 

„ 6. Pe7ieroi)Udina^ Reuss. 

„ 7. Orhitoliihia (Orbitalifulca, Reuss). 

„ 8. Arenacedy Biitschli. 

B. Tribe. — Perforata, Carpenter + pars 

LituoUdanim. 

FainUij 1. Bkabdoina, Schultze. 
„ 2. Poljjinorphirnua, Biitschli. 
„ 3. Globigerinina, Carpenter. 

Huh- family (a) Globigerina?, Carp. 

(b) Cryptostegia, Reuss. 

(c) TextularidcT, Carp. 

(d) Rotalince, Carp. 
Family 4. Nuinmalitince {Nununitlinida, Carpenter), 

emend. Biitschli. 
Sub-family {a) Involutin^c, Biitschli. 

(fe) Pullenin^e, Biitschli, 
{c) Nummulitidie. 
(rZ) FusuhnidiT^, MoUer. 
{e) Cycloclypidse, Biitschli. 

The difficulty in accepting this system, although 
the external form has been carefully considered, lies 
in the fact that in the same family such distinct types 
as the Textularids and the Rotalines are associated, 
and which have very little in common as regards the 
minute structure of the shell-wall. The same may 
also be said for the fourth family of this arrangement. 
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Neuinayr's classification (1887) recognises three 
main groups, namely, the irregularly formed arena- 
ceous types (Astrorhizids) ; the regularly formed 
arenaceous types ; and the calcareous types. The 
2nd and 3rd groups are again divided into two 
parallel and isomorphous series which comprise the 
following fundamental types : A, Cormispira ; B, 
Textnlaria ; C, Lituola ; D, Fusvlina, 

In 1895 Dr. L. Rhumbler published his ' Entwurf 
eines natiirlichen Systems der Thalamophoren.' He 
divides the group into ten Families, and by a diagram 
points out a probable evolution of types from simple 
arenaceous tubes to the highly differentiated Rotaline 
shell-structure. 

The Famihes are numbered in the following 
order : — 

1. Rhabdamminida?. 6. Orbitolitidie. 

2. Ammodiscidae. 7. Textularidae. 

3. Spirillinidie. 8. Nodosarida? ) Lage- 

4. Nodosinellidaj. 9. Endothyrida? ) ninae. 

5. Miliolinida?. 10. Rotalidae. 

Rhumbler considers that the Lagenince were 
derived from the nodosarine type of shell by a 
permanent separation of the chambers. 

Eimer and Fickert (1899) have published an 
elaborate and well-illustrated treatise on the mor- 
phology and relationship in the Foraminifera,' and 
propose a new classification of the group. There are 
many strong points in this scheme which deserve 

' * Die Artbildung und Vem'andtschaft bei den Foraminifereu/ 
Tiibtnger Zoologische Arheiteriy Band iii. No. 6, 1899. 
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careful consideration, such as the grouping together of 
genera which are morphologically similar, but which 
have differences of shell-structure. According to 
these authors the shell-structure should be subordi- 
nated to the form and manner of segmentation in 
the animal, and this is in accordance with accepted 
zoological principles. They divide the Foraminifera 
into as many as thirty-seven families. To give an 
example of the method used in classifying the group, 
the Tribe Stichostegia (Eimer and Fickert) is divided 
into, A, rsAMMATOsTicHosTEGiA, including the Families 
Hypehamminid.e (genera Hyperavimina^ BeophaXj and 
Horviosina) and AscHEMONELLm.E (genera Aschemo- 
nella and liaimdina) : B, titanostichostegia, repre- 
sented by the Family NoDosARnD.E and genus 
Nodosaria. In division A the test is arenaceous, and 
in B it is calcareous. There is, however, no apparent 
reason given for including BamuHna in Division A, 
since it is essentially calcareous. Very diverse forms 
are here brought together, such as Cristellariu^ Ca^- 
aididuia, and Sfff/rahia, which are morphologically 
distinct. 

The relationship of the different types of form in 
Foraminifera is so complex and interwoven that, 
from whatever standpoint we may approach the 
subject, we are certain to meet with numerous 
difficulties w^hich prevent our making a satisfactory 
classification. We may expect a more hopeful state 
of things when further light has been throw^n upon 
the relation of environment to shell structure, and 
dimorphism to specific forms. 
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Meanwhile we are perforce necessitated to accept 
a simple and ready, although more or less artificial, 
system, such as that used by H. B. Brady in his 
Keport on the * Challenger ' Foraminifera. 

The idea has lately been advanced by certain 
authors that the earlier types of Foraminifera were 
probably simple straight sandy tubes, without 
partitions, followed by coiled and segmented or 
chambered tests, and subsequently in later times by 
a secreted shell of a calcareous nature. Detailed 
observ^ation, however, often refutes the best formu- 
lated ideas, and it appears to have done so in this 
case. Recent researches in the Cambrian Rocks of 
New Brunswick and England have resulted in the 
discovery of the following among other generic 
types : Lagena^ Nodosaria (including Glandtdhia), 
Cristellaria^ Glohigerina^ and SpirUlina. All of these 
forms have well-developed shell structures of a cal- 
careous nature. With regard to the forms with 
arenaceous tests, on the other hand, we find no evi- 
dence of these until we reach the Upper Silurian 
deposits, when we meet with Hyperammina^ and the 
calcareo-arenaceous genus Stacheia. 

The classification which will be followed in the 
succeeding pages of this book is that which has been 
gradually evolved principally by the British school of 
Rhizopodists — Wallich, Parker and Jones, Carpenter 
and H. B. Brady — and which has been largely 
emended and added to by the last-named author.* 
With regard to the utihty of this simpler method of 

» See Beport Challenger, voL ix. * Zoologj,' 1884, pp. 60-76. 
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classifying the Foraminifera by the selection of 
central types, Brady says : * The study of the 
Foraminifera as assemblages of forms grouped round 
a comparatively small number of central or typical 
species, as advocated by Carpenter and his colleagues, 
is, I am convinced, the only means of arriving at a 
correct understanding of the biological relations of 
the group ; but this mode of treatment, whilst 
determining the general lines of classification, 
furnishes no direct basis for the construction of a 
synopsis suited to the requirements of the systematic 
zoologist. The scheme which I now venture to 
propose differs in many respects somewhat widely 
from that foreshadowed by the authors referred to, 
but in its essential elements there is little or nothing 
that is incompatible with the conclusions they have 
so ably expounded; and I have the satisfaction of 
knowing that it has their general approval. Every 
attempt to arrange in single series a class of 
organisms of which the constituent groups are apt to 
run in parallel lines, or even sometimes to form, 
morphologically speaking, independent circlets, is of 
necessity open to objection at one point or other; 
and the aim of the systematist is well attained if the 
anomalies and inconsistencies are slight, and are 
confined to matters of small zoological importance.'' 

Sub-kingdom- PKOTOZOA. 

Class — KmzopoDA. 

Order — Forcntiinifera (Keticularia). 

' Seo Report Challenger, vol. ix. ' Zoology,' 1884, p. 68. 
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Fmnihj J.— GROMIIDJi:. 

Division A . — Aperture single, terminal. Genera — 
LieherfiUehjiiOj Milrogroinia^ Gromia^ Diaphompodon. 

Dirision B. — With mouth at each end of test. 
Genera — Shepheardella, A mphifrema. 

Family 77.— MILIOLID^. 

Suh-faviilt/ 1. — NuBECULAmiN.E. 
Genera — Squamnlina^ Calcififba, Nubeadaria. 

Suh'famihj 2. — Miliolinin.e. 

Genera — Biloculina^ Fabularia, S})iroloculi?ia, 
Milioliiia (sub-genera — Dillina, Trilocn Una, Tril- 
/ina, Quinqueloculinaj Pentellina^ Idali?ia, Adelosina, 
Periloculina^ Massif if la, Heterillina, Sigf/ioilina). 

Sff b'fa m ihj 3. — Hauekinin\e. 

Genera — Articulina, Vertebral ifui^ Ophthal- 
inidium^ Hauerina^ Planispirina, 

Su b-fam ilt/ 4. — Peneroplidin.e . 

Genera — Corniispira,, Peneroplis (sub-genera — 
Monalysidiiun, Archiaciyia), OrbiaiJina (sub-genus — 
Mea7idropsina), Orbitolites. 

Sub-family 5. — Alveolinin.e. 

Genera— .4 //ro///M (sub-genus — Flnsoiliua)^ La- 
cazina. 

Sub-family 6. — Keramosph.euin.e. 

Genus — Keramospha^ra. 
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Vaviihj III.— ASTROKHIZID^. 

Hub-family 1. — Astrorhizin^. 

Genera — A strorhiza, Pelosina^ StorthosphcBrOj 
Dendropli rya , Syringammina. 

Sub-family 2. — PiLULiNiNiE. 

Genera — Pilulina^ TecJmitella, Bhaphidoscen^', 
Bafhysiphon. 

Sub-family 3. — Saccammininje. 

Genera — Psa^nmosjyhcera, Sorosphcera^ Saccam- 
viina. 

Sit b-faviily 4. — Rhabdamminin^. 

Genera — Jaculella^ Hyperammina^ Marsipella, 
Bliabda ni ))ii)ia^ Ascliemonella^ Bliizammina^ Sa- 
geni)ia^ Botellina, HaUphysema. 

Family /F.— LITUOLID^. 

Sub-family 1. — Lituolin.e. 

Division A. — Non-labyrinthic tests. Genera — 
Beophax, Haplophragmiftin (snb-genus — Coskinoliiw)^ 
Placopsili/ia^ Crithiuniua^ yerrucina. 

Division B. — Chambers labyrinthic. Genera — 
HaplosficJiCj Lituola, Bdelloiditia, Haddoiiia^ Poly- 
plirayina, 

Su b-fa m ily 2. — Troch AMMiNiNiE . 

Genera — Thurammina (sub-genus — Thurammin- 
opsis)^ Hippocrepina^ Horm^osina, Ammodiscusj 
Trochammiuay Carterina, Webbina. 
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Siib'famih/ 3. — Endothyrin^.. 

Genera — Nodosinella^ Stacheia, Invohitinay Orhi- 
tolinay ConnliteSy Endothyra (sub-genera — Bradyinay 
CHbj'ospira). 

Sub-family 4. — Loftusun^e. 
Genera — Cyclavimiiiay Loftusia, 

Faviily 7.— TEXTULARIIDiE. 

Sub-family 1. — Textulariin^. 

Genera — Textnlaria^ Cuneolinay VerneJiilina, 
Tritaxia^ Chrysalidina, Bigenerina (sub-genus — 
Siphogenerinn)^ Pavoniiuiy Spiroplectay Gaudryinay 
Valvulinay Clavulina. 

Suh-family 2. — BuLiMiNiNiE. 

Genera — BulivimUy Virgulinay Bifarimi^ Bolivinay 
Mtmosi7ia, Pleurostomella, 

Siib'family 3. — Cassidulinin^e. 

Genera — Gassidulina (sub-genus — Orthoplectci)^ 
Ehrenbei'gina. 

Faviily 71.— CHEILOSTOMELLIDzE. 

Genera — Ellipsoidiiia, Cheilostomellay Seabroolday 
AUomorphiTui. 

Family FII. —LAGENID^. 

Sub-family 1. — Lagenin.e. 
Genus — Lagena. 

F 
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Suh'familij 2. — Nodosariin^. 

Genera — Nodosaria (sub-genera — Glandulinn^ 
Dentalifia), Lingulina^ Frondicularia^ Rhahdogonium^ 
Marginulinay Vagimdinay JRimulina^ Cristellariu. 

Dimorphous genera — Amphicorjjne^ Lingulin- 
02)siSy Flabellina, Amj)hwior2)hina, Dentalijiopsis. 

Sub-family 3. — Polymorphinin^. 

Genera — Polyvioiyhina : dimorphous form, l>i- 
morjphiiia. TJvigerina : dimorphous form, Sagraina. 

Kuh'family 4. — Ramulinin^. 
Genera — Ramulinu, Vitriwebhina. 

Family Fill.— GLOBIGERINID^. 

Genera — Globigerina^ Orbulina^ Hastigerijuij 
Pullenia^ Sphceroidinay Ca^tdeifia. 

Family 7X.— liOTALIID^. 

Sub-family 1. — Spirillinin.e. 
Genus — Spirilliiia . 

Sub'faviily 2. — Kotaliin^. 

Genera — Patellina,, Cymbalopora (sub-genus — 
Tretomphalus)^ Discorbiuaj Planorbulinaj Trim- 
catulina^ Anomalina^ Carpenteria^ liujyertiaj Pulvin- 
ulinay llotalia, Calcarina, 

Sub-family 3. — Tinoporin^. 

Genera — Tinoporus, Gypsina, Miogypsina^ 
Polytrema. 
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Family X— NUMMULINIDiE. 

Sub-family 1. — Fusulinin.e. 

Genera — Fusullmi (sub-genera — Hemifusiclinay 
FuHulinella)^ Schwagerina. 

Sub-family 2. — Polystomellin.e. 

Genera — Nonioninay Polystomelld (sub-genus — 
Faujasina). 

Sub-family 3. — NuMMULiTiNJi:. 

Genera — Archcediscus, Amphisteyina^ OpercuUnaj 
Heterostegi?ia, NummuliteSy Assilina. 

Sub-family 4. — Cycloclypein.e. 

Genera — Cycloclypeus^ Orbitoiden (sub-genera — 
Discocyclina^ L epidocyclina). 



f2 
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CHAPTER VII 

TIIE FAMILY GROMIID^ 

The characteristics of the test in the GROMnD-E are 
a chitinous or skinlike investment, without super- 
ficial perforations, and with an aperture for the 
emission of sarcode either at one end of the test 
(Section A) or at both ends (Section B). The invest- 
ment is either thin and closely adherent to the body 
of the animal, as in LieberhieJmia, or more rigid, as 
in Gromia. In the latter genus it forms a distinct 
test, whilst in the former genus the covering or mem- 
brane alters its shape in accordance with the changes 
in the shape of the body of the animal. The colour 
of the investment in this family ranges from hyaline 
to yellowish or light brown, and it is sometimes 
encrusted with adventitious particles, such as sand 
grains or diatoms. 

Manj^ of the lobose and filose kinds of Protozoa 
are closely allied to members of this family, such as 
Difflugia and Euglypha^ and the only diflEerence 
between them, which at the best is slight, is the 
habit and form of the extended pseudopods, which in 
the Foraminifera are characterised by their fine 
threadlike and anastomosing characters. 

No Fossil representatives. 
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Section A. — Genera in which the Aperture is Single 

AND Terminal. 

LieberJciiehnia, CLAPARfiDE and Lachmann. 

Test rather large, ovate or pyriform, with the 
mouth in a depression at the middle of the broad 
end, which is more or less four-lobed. Circulation of 
protoplasmic granules rapid. 

Example. — L. Wageneri^ Clap. andLachm., ' M6m. 
Inst. Nat. G6nevois,' vol. xvi. 1859, p. 465, pi. xxiv. 
Habitat, fresh-w^ater ponds in Germany. (Plate 1, 
fig. A.) 

MiTtTogromia^ R. Hertwig. 

Test minute, ovate ; somewhat bilateral, owing to 
the one-sided position of the produced collar-like 
mouth. Cavity of the test only partially filled. 
Pseudopodia given off from an oral column. Often 
found in colonies. 

Example. — M, socialis, Archer sp. {Gromia socia- 
Us)y Archer, * Quart. Journ. Micr. Sci.' N.S., vol. ix. 
1869, p. 27, pi. XX. figs. 7-11. See also ' VeherMikro- 
gromia^^ by E. Hertwig, * Arch. Mikr. Anat.' vol. x. 
1874, supplement, vol. i. Habitat, fresh water. 
Diameter of separate tests, '015 to '025 mm. (Plate 1, 
fig. B.) 

Gromia^ Dujardin. 

Test large, ovate or rounded, symmetrical in form, 
flexible. Mouth terminal ; pseudopodia much reticu- 
lated. Possessing one or more nuclei ; contractile 
vacuole often wanting. 
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Species of this genus are sometimes found in 
fresh water, and sometimes are marine. 

Examples from Fresh Wateh. — G.fuviatil is j Du- 
jardin, ' Hist. Nat. Zooph. Infusoires,' 1841, p. 255, 
pi, i. fig. 17 ; pi. ii. fig. 182. This species measures 
from -09 to '25 mm. in breadth. Found upon Cerato- 
phj/UuDi, an aquatic plant growing in stagnant water. 

G. hyalina^ P. Schlumberger, ' Ann. Sci. Nat.,' 
ser. 3, vol. iii. 1845, p. 255. This species has a 
breadth of -03 to '05 mm. 

Majune Examples. — G. oriformis, Dujardin, * Ann, 
Sci. Nat. Zool.,' ser. 2, vol. iv. 1835, p. 345, pi. ix. 
figs. 1, 2. Measures 1 to 2 mm. in length. Found 
among marine plants. (Plate 1, tig. C.) 

G. Difjardinii, Schultze, ' Organismus Polythal.' 
1854, p. 55. 

Diaphorojfodon, Archer. 

Test large, ovate ; built up of foreign bodies 
(diatoms and the like). Pseudopodia of two sorts ; 
the one long, branching and arborescent, issuing from 
the mouth ; the other fine and hairlike, not reticu- 
lated, springing from between the shell particles 
(perhaps not true pseudopodia). Nucleus single, 
large. Contractile vacuole present. 

Example. — IJ, inohile^ Archer, * Quart. Journ. 
Micr. Sci.,' N.S., vol. ix. 1869, p. 394, pi. xx. fig. G, 
and vol. x. 1870, p. 123. Habitat, fresh-water pools 
in Ireland. (Plate 1, fig. D.) 
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Section B. — Genera with Apertures at both Ends 

OF THE Test. 

Shepheardellaj Siddall. 

Test hyaline, elongate, tubular, cylindrical or 
flattened, ends slightly tapering towards the aper- 
tures. Nucleus large and complex. 

Example. — S. tceniformis^ Siddall, ' Quart. Joum. 
Micr. Sci.,' N.S., vol. xx. 1880, p. 131, pi. xv. 
Habitat, marine, in shore pools, on marine algae. 
(Plate 1, fig. E.) 

Ampliitremaj Archer. 

Test more or less covered by foreign arenaceous 
particles ; apertures at opposite ends of the test and 
provided with a rimlike neck, giving off two tufts of 
elongate, hnear, branched, pellucid pseudopodia. 

Example. — A. Wright iamwi. Archer, * Quart. 
Journ. Micr. Sci.,' N.S., vol. x. 1870, p. 122, pi. xx. 
figs. 4, 5. Habitat, fresh water, in boggy places, 
Ireland. Length of test about -05 mm. (Plate 1, 
fig. F.) 

Genera sometimes referred to the Gromud^ : 
Protogenes (by Glaus) ; Lagynis (by Carpenter). 
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EXPLANATION OF PLATE 1. 

Fio. 

A. Lieherhuehnia Wageneri, Clap, and Lachm. Magnified 

B. Mikrogromia social is. Archer sp. x 200. 

C. Gromia oviformis, Dujardin. x 25. 

D. Diaphoropodon mobile. Archer, x 100. 

E. Shepheardella tcenifonnis, Siddall. Magnified. 

F. Amphitrema Wrighiianum, Archer, x 300. 
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CHAPTER VIII 

THE FAMILY MILIOLIDiE 

This very important division comprises the whole of 
the porcellanous-shelled Foraminifera, and the tests 
are further distinguished by their imperforate shell- 
wall (sub-order hnperforata vel Porcellaiiea, Rupert 
Jones). 

They are divided by H. B. Brady into six sub- 
families, more or less closely related to one another. 

The characteristic features of the foraminiferal 
shell in the family Miliolid.e are as foUow^s : — 

' Test imperforate ; normally calcareous and por- 
cellaneous, sometimes encrusted with sand ; under 
starved conditions {e.rj. in brackish water) becoming 
chitinous or chitino-arenaceous ; at abyssal depths 
occasionally consisting of a thin, homogeneous, 
imperforate, siliceous film ' (H. B. Brady). 

The shell wall of the miliolids is in nearly all 
cases of a smooth texture and usually chalk-white in 
appearance. In some examples, however, the surface 
is pitted, reticulated, or furrowed, whilst others have 
their surfaces encrusted with sand grains or shelly 
particles. Young specimens are, as a rule, trans- 
lucent and opalescent. This latter appearance is a 
marked character with the group, for on mounting a 
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fraj^inont of almost any of the shells belonging to 
this family in a transparent medium, like Canada 
balsam, the white appearance gives place to a j'^el- 
Knvish brown or horn colour, and the absence of the 
tiny tubules, which pierce the shell-wall of the 
h valine forms, will be at once noticed. 

In discussing the various members of this family 
it will presently be seen that this division of the 
Foraminifora exhibits a great many types of shell- 
building, and presents isomorphous analogues with 
those of the other gnnips of the arenaceous and the 
hyaline Fonuuinifera : and in fact are only dis- 
tinguished frvnn some other genera outside the family 
by the imivrforate and jH^rvellanous nature of the 
sltoll 

A certain degree of relationship with one another 
may Iv tVutul ati.or.gst the various genera belonging 
to this t:u!iil\\ Ihe simplest tyjxs are those of the 
genera S; : . . \ whivh has a single-chambered 
pU-o-voi.vc\ test, and i^ .Nir.i, which forms 
a VAV.-MVMte tulv ^\iUvi ::i oi:e plane. Starting 
:r\v,. S •: . \ a series c: such chambers joined 
^i^vl :o ^::.l ^:v,> rise to \.:.. * :: ; or, if uon- 
><V-^''^ ^^-^ >c:ul:::i: cff nidiatiu^c :ucv>. to a form 
-'-^"^ - ' '^ '=-*' :sc:v.orvh o: the artiuioeous ;^enus 

ft V • 

-■•"' - • 1-- > •'■■ • :iCA::-. vvc may dis«.n>ver 

>.:.<:■.. v.sluv ^\.:>- .^ruv-.v. ^N.vl-^r.n^ir^ MiUciin.e and 

L" :c.r:- \L".:.-.:\.\v :>^- :uv.d,i:v.<; v.:al t\^rru may be 
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develops a coiled series, as Spirolocidinaj piano- 
spiral, but constricted and partially septate at 
either end of its axis of elongation. The next step is 
shown in Miliolina {vera)y where the alternate series of 
partially divided segments are not disposed in one plane 
in their subspiral manner, but in the course of growth 
are turned on the longer axis of the shell three or five 
times in one complete revolution, as the case may be. 
An apparently simple form, Biloculina^ which exter- 
nally appears to be a series of chambers placed 
oppositely against the longer axis of the shell, is 
e\4dently derived from the milioline form, since, 
although its form A is constructed on this plan, 
form B, with the microspheric chamber, commences in 
many of the species, as Munier Chalmas and Schlum- 
berger have shown, with a milioline form of shell 
of the quinqueloculine type — that is, having five 
chambers in one whorl — and only takes on the 
biloculine arrangement in the adult stage. 

Labyrinthic modifications of the septate types of 
shell growth are often found among the Foraminifera, 
and Fahularia is an instance of such in the MiLiOLm^. 
This genus resembles a Biloculiua externally, but the 
chambers within are subdivided by meandering parti- 
tions of the secondary shell-growth. 

The sub- families of the Miliolincp and the Penero- 
jylidince are connected by an annectent group, the 
Hauerinince. The genera in this division resemble 
Spiroloculince in the earlier part of the shell, in being 
piano-spiral and septate, but they have their septa 
arranged without regard to any ratio with the whorls, 
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:aLnd usually have more than two to each turn of the 
shell. The later growth of the shell is sometimes 

rectilinear, and, as in Anlculina. may closely 
resemble the extended forms of Xuh^cularia. 

PKKtinjplU may have its oririn in a simple form, 
like Corniisfi'nu by its be^omin:? septate. PeneroplU 
^^loiis a spiral series of chambers the septa of 
which are mimer^asly perforate, and the spiral 
manner often chancres in later irrowth to an elongate 
striiszht Series- The sub-genus Archiacina forms a 
lirlc \v-ith genera having a cyclical arrangement of 
chaiiiber^ by showin:^ a tendency towards that plan 
of :;.Tfj'.vtii in the last f'-nneii p^.-rtiir-n of the adult 
sheU. 

PfT'.-^n f '.i< rasses into Ocv'^V''/z bv the sub- 
di^isi'ju 'jf its chambers into chaniberlets bv means 
of Vertical partitions d.-niiectiiii: septum with sep- 
tum. The last-named spirally ft>rmed .ijenus, ai^rain, 
f'jrms a link with the «.lisci.'idal shell of OrbitoUtesi : 
this i^eiius pt.wsesses a subs^lobular primordial cham- 
ber, and the sT-icceediiiir chambers are distinctly 
sDiral. b'lt usuallv .r.iicklv assume a cvclical icon- 
centric > manner •:! .i^rowth, althouizh in one species 
at least a considerable part of the earlier shell is spiral. 
The annular chambers in r^*':'-:*.//*/:'.^ are alwavs 
subdi\-ided into little subtjuadrate chamberlets. each 
with its stolon aperture f<.^r the passa»je of the 
sarcode into the neighbouriu:^ compartments. There 
are often two, three, or even more tiers of annuli 
saperposed to form the entire shell, and these, in 
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certain species, increase in number as the shell 
developes. 

The relationship of the foregoing group to the 
Alveolinince is easily recognised when we conceive 
the plan on which the test is formed. Like Orhi- 
citlina it is spiral, but instead of being compressed 
laterally, as in that genus, the shell is often 
enormously elongated on an axis passing through the 
umbilical centres. 

The last sub-family of the Keramosphcerince com- 
pletes the series, in that it presents a modification of 
the Orhitolites type by the fact of its having the 
chamberlets arranged not in flat annuli, but in 
a sphaero-concentric manner. 

Sub-family 1. NuBEcuLAmiNiE. 

This group is distinguished by the irregular a- 
symmetrical form of the test, which is free or, perhaps 
more often, adherent; with a variable aperture or 
apertures, often rimmed in Nnbecularia or otherwise 
thickened with extra shell growth. 

Genus HquamnliiLa^ Schultze. 

Test, a single inflated chamber, with aperture on 
the convex surface. Recent, 

Example. — H. Icecis, Schultze, Organismus poly- 
thal., 1854, p. 56, pi. vi. figs. 16, 17. 

Found by Schultze adhering to the surface of 
marine algae from Ancona. Longest diameter of test, 
•08 mm. 
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Some little doubt has been thrown on the validity 
of this jjonus as a separate type, some supposing it to 
bo a young nubeeularian. Recent. (Plate 2, fig. A.) 

(rENTs Calcituba^ Eoboz. 

Test imperforate, normally adherent ; consisting 
of a series of irregular and lengthened chambers 
mon^ or loss oylindrical, emanating from a central 
trunk-liko sogmont ; sometimes arranged radially, as 
in A<tron:i:iK Aivrturos numerous at the terminals 
of tho brauihos. 

Favmvi.k. — ( \ ii''fmorphii. RoK>z, ' Sitz. Ak. Wiss. 
Wion/vol Iwxviii. ISS:> ^1^84^ p. 420, pi. — , figs. 
I U^ 

This. :ho or.lv siwiosof tho cenus, was discovered 
by Kv^K^ \ :-,::.uhovi :o iilcv, in a marine aquarium in 
tho l:.s:.:u:o v : iir,-: \ s:;p'oIu\i bv material from the 

Tht s::.u\ vt:::^ :t<: ::: C :.'.:': jrlymorjJui is 
K\irx\vx\\ N;i.:: :;VU a::.; irr^^Ml^r, :i::d i: starts from a 
Y.v:'^^ M \\\'. >^\c::u::: 'vhxh ovontually forms 

A. k::\.l .: .-::::-.: .crv .r :ru::k :.r the irre^nilar off- 
>-'*> - ^ • >.:\-. .>.A::/:^r>. A section 

— .,^.. ,_ V,. ... . ,.x,.- ^^ ^_- ,oa >iiows tne 

v>"\v >:> :. ,v V- '.>.\:cvl *:y .i. >:cL;L:i:erotis joint, 

^ ...T.. — ^*:« ,t — i^ ».iirxi>«i* a^ Ik 

M<<. .: :,"•: >.:,vx:t:dvj:^ ohAiiib^-r: in 









' "' - • -- '->-- -^ :^e rnrsecce or 

,-'^-- — ^ -- ---'-. -~>w.«.«_CS or iXlr 
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(with an arenaceous test) and Bamidina (with a 
hyaline test). A typical specimen of C. polymorplm 
measures -8 mm. in length. The lengths of the 
chambers in two separate individuals were "242 mm. 
and -269 mm. respectively, and their breadths -128 
mm. and -095 mm. 

This species is of especial interest on account 
of the valuable physiological researches conducted 
upon it by Schaudinn, in tracing the progressive 
changes in the division of the nucleus. The affinity 
of this genus is very closely connected with Nubecii- 
Jaria itself, especially in those irregular and inflated 
forms which have numerous apertures sporadically 
placed on the surface of the test, such as Nubecularia 
Bradyi, Millett, and N. novorossica^ Karrer and 
Sinzow. liecent. (Plate 2, figs. B, C, D.) 

Genus Nubecularia, Defrance. 

Test spiral, straight, or irregular; usually ad- 
herent ; septate. Surface often encrusted with sand. 

The elongate adherent species are plentiful as 
fossils in certain Liassic and Oolitic deposits, and 
the coarse thick-walled forms constitute important 
calcareous strata in the Miocene sands of South 
Kussia. 

At the present day this genus is usually repre- 
sented by species found almost restrictedly in the 
shallow-water sands of tropical or warm areas, and 
are rarely found in very deep water. Carbo-Permian 
to liecent. 

Examples. — N. hicifiiga, Defrance, ' Diet. Sci. 

G 
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Nat.' vol. XXXV. 1825, p. 210 ; * Atlas Zoopt.' 
pi. xliv. fig. 3. 

This species is generally found adherent, but 
sometimes free, and it is easily recognised by its 
spirally arranged chambers, which are very irregular 
in form compared with those of other species of this 
family. N. lucifuga is quite common in certain 
warm temperate areas, and is found in some abun- 
dance in the beach sands of Palermo, Melbourne, and 
off the coast of Tripoli. As a fossil it is known from 
Tertiary beds in France, and a variety was recorded by 
Howchin from the Carbo-Permian beds of Australia. 
Carho'Fertnian to liecevt. (Plate 2, figs. E and F.) 

N. uororossica^ var. nodula^ Karrer and Sinzow, 
' Sitz. k. Ak. Wiss. Wien,' vol. Ixxiv. Abth. 1, 187C 
(1877), p. 281, pi. — , figs. 11-25. 

The species named above, of which the variety 
tiodula is a many-apertured, agglomerated modifica- 
tion, is a thick-walled nubecularian in its typical form, 
but otherwise somewhat like X, lucifuga in contour. 
This and other varieties of K, nororossica occur in 
great abundance in the Sarmatian Sands (Miocene) 
of Kischenew, in Bessarabia. They average 3 to 4 
mm. in diameter. The waiter has described a modi- 
fication of this form as occurring in the Upper Chalk 
of Taplow. Upper Cretaceous, Miocene, (Plate 2, 
tig. G.) 

N, tibia, Jones and Parker, ' Quart. Joum. Geol. 
Soc' vol. xvi. 1800, p. 455, pi. xx. figs. 48-51. 

This species consists of an elongate series of ovate 
or pyriform chambers, and the test is either adherent 
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or free. When attached, the form of the segments 
is plano-convex, but when free they assume a 
normal subcylindrical form. The commencement of 
this species often has an arrangement of chambers 
like that of Miliolina^ by which it shows an affinity 
with Articulina. 

By an error in determining its source N. tibia has 
often been quoted as a Triassic fossil. It first makes 
its appearance in the Lias, where it often occurs in 
company with N. lucifuga. In recent dredgings 
N. tibia is a shallow-water organism. LiaSy Oolite^ 
Recent. (Plate 2, fig. 4.) ' 



Sub-family 2. Miliolinin^. 

Test coiled on an elongated axis, having two 
chambers in each complete whorl, either opposed and 
on a single plane of symmetry, or disposed at various 
angles round the longer axis. Aperture alternately, 
during growth, at either end of the shell. 

Genus Biloculiiia, D'Orbigny. 

The chambers are arranged in a single plane, the 
last two only being visible. The internal structure 
of the microspheric fonn often has a quinquelocu- 
line commencement. The aperture is usually 
crescentic, enclosing a valve-like projection, normally 

* For references to other species of this genus and those that follow 
consult Sherbom's Index to the Genera afid Species of the Foramini/era. 
Only one or two important types of each genus can be given here, on 
account of the limits of space. 
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'I:/.'. :-. :;.e r: 'Jlk eitrlie-t knov^-n species to such 
pi^rii^-^rrr a-. S'M^.:.:. .vh. in 17v*5 described it under 
*h^: r.^rrif; '^.r • P'riii-eL-tiria O.-f'^f.' Lamarck, who 
;i/J^pr/:d rhf; Lii.r.trLii: -y-teii: of nomenclature, gave 
it thf: ii'riUif: of 3/ ' .' i^.? /''//t/.'.*, the generic name 
t;^-in^f usfrrl at the time equally for the biloculine, 
t\\(: trilorulinf-. and the quinqueloculine t3'pes. 
//. /iftf/ef/fi is a typical form of the genus, and 
(\vhibits a medium inflation of the chambers, 
//. f/rj,rrs.srt bein^^ narrower in section and B. 
hiilhtlflcH more globose. 

/>. rhifjfniH makes its first appearance, so far as 
\v(» know, in the Tertiary beds (Middle Eocene) of 
i\\it Paris Basin, and it also occurs in strata of 
Miocene, Pliocene, and Pleistocene ages. 
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This species was met with in some abundance 
in the deep-water area of the northern part of the 
North Atlantic during the dredging operations by 
Professor Sars, who found the bottom temperature 
of the water nearly uniform, only varying from 
32^ F. to 34-9^ F. between the depths of 300 and 2,000 
fathoms. The mud from the bottom is a light- 
coloured ooze, and was called B ilocidiria mud, since it 
was supposed to be almost entirely formed of the 
tests of Biloculince. This does not seem to be the 
case, however, for it has been shown that after the 
tine silt was washed away the BilocuUuce only 
constituted 50 per cent, of the dried material. 

Eocene to liecent. (Plate 2, figs. K and L.) 

Genus Fahularia, Defrance. 

The chambers are arranged in one plane, as in 
Biloculiiia, but the chamber cavities are subdivided 
or partitioned off into chamberlets and labyrinthula.* 
by shell projections and partitions, which results 
in the sarcode having to occupy numerous little 
channels throughout the shell, with perhaps the 
exception of the earlier chambers, as shown by 
Schlumberger in the case of the Miocene specimens. 
The aperture is porous or cribrate (sieve-like). 
Lotver and Middle Eocene and Miocene. 

Example. — F. discolithus, Defrance, ' Diet. Sci. 
Nat.' vol. xvi. 1820, p. 103; 'Atlas Zooph.' pi. 
xlviii. fig. 5. 

The genus is very restricted in its range and is 
entirely fossil. It is best known by the* above 
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EXPLANATION OF PLATE 2. 

Fui. 

A. Squamulina Icpvia^ Schultze. Magnified. 

J\. Cal<>ituha pnl i/morph a, Hohoz. T^-pical specimen, x 50. 

C. Calcituhajjolyttwrpha yB.oho'/.. Young shell, x 100. 

D. Calcitnha pohjmorpha, Roboz. Medium section of the shell, 

passing through two chambers. < 150. 

E. Nuhccnlaria lucifuga, Defrance (after Brady). A spiral fomi ; 

superior aspect, x 10. 

F. Nuhentlaria lucifiiga* Defrance. Inferior (attached) surface. 

xlO. 

G. Nuhecularia novorossira, var. iwduhi, Karrer and Sinzow. x 5. 
H. Nnheculario tibia, Jones and Parker. Magnified. 

I, J. BifocuUna conutfa, Brady, x 25. 
K, L. Biloculina ringcns, Lamarck sp. (after Brady), k .13. 
M, N. Fahnlaria discoUtJtus, Defrance (after Carpenter), x 5. 




Family II. MILIOLID^. 
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species, which is found in some frequency in the 
* calcaire grossier ' (Middle Eocene) of the Paris 
Basin. Externally F. discolithus resembles a 
laterally compressed BilocuUna having a faintly 
striate surface, but the porous nature of the aperture 
reveals its internal labyrinthular or subdivided 
character. It often attains to a considerable size, 
sometimes as much as 6 mm. in length. 

Two other species of Fahularia are known, one, 
closely related to the above form, F. Zitteli of 
Schwager, which was found in beds in Egypt of 
nearly similar age to those of the Paris Basin ; and 
another lately described from the Miocene beds of 
Muddy Creek, Victoria, by Schlumberger, under the 
name of F. Howchini. 

Middle Eocene, (Plate, figs. M and N.) 

Genus Spiroloculhia, D'Orbigny. 

The chambers in the shells of the genus Spiro- 
locuUna are arranged in a single plane, and the 
whole of them are visible on either side of the test. 
The aperture is generally circular with a toothed or 
T-shaped projection. Sometimes the aperture is 
prolonged into a neck or sahent tube. This type is 
usually characteristic of shallow-water faunas, both 
in temperate and tropical areas, but one species, 
S. tenuis, is found at various depths down to 2,750 
fathoms. Carho-Pennian to Recent. 

Examples. — >S. asper?ila, Karrer, ' Sitz. Ak. Wiss. 
Wien,' vol. Iviii. Abth. 1, 1868, p. 136, pi. i. fig. 10. 

This species has a thin complanate shell, and 
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is one rusted with sand, which gives it a rough 
appoantiice, as its name implies. It was first 
describi^d as occurring in the Miocene of Kostej, in 
the Banat, and it has since been found in the 
Folkestonc-Ciault. At the present day it occurs in 
shallow-water dredgings in the tropics. Lower 
IJas /(> linrNf. (Plate 3, tigs. A, a.) 

S. phiNuIatdy Lamarck sp. {MiUoUtes planulata\ 
*Ann. Mus.' vol. v. ISOo, p. 352, No. 4; 1822, 
* Anim, sans Vert.' vol. vii. p. 613, No. 4. 

The chief features of this fonn are a simple 
complanato and smooth-textured shell, with the 
surface of the chamlx^rs not thickened at the suture 
linos, as in some sptvies, such as S*. limhata and 

S. ^ .\: ,..,\;r..' is iommonest in sh;illow water, and 
as a fossil it socms to rauire from the Carho-Pennian 
\^nwai\l, it its ivounviuo in Tasnuinian rocks can be 
Noriuovi, ^riato *v t:c>. Iv : .» 

ii vn; s M . '. *. . \ WuxiAMsoN. 

v^h:-,:./vVrs ;:u\ uilut^r:,!, v oiled n>und the long 
AX.s V : :*:u s':u**. so ::„^: usually ;hive or five are 

h « » » * « ^ 

A V < \ . ,\ Tvx ,-^ . , vi :i , , <r: .^ :< .\ v x v upyini^ opposite 

;\,rv — , .i > i N.,v ... i.;,.^r>*^.\ runusiieu. witn a 

• ?4,^i-,.\; , r> xV «. 

* ,,,> — .\ .,. i^; — > > ,.>«A,.» ^*r«. IVDieSeHtea 

X. JU *i ■ .« "» ^C V-'- «'V 1^ ^^ <.^ ^V- 1*1*^1*^ 41>j1 
tVt"v*'"«K X * "^ " " "c ' *"t 'V *,. i "* - • •* ;' -. '""^^W --^^ ^-n^ 



THE FAMILY MILIOLIDiE 91 

earliest workers on this group of animals. Lias to 
Hecent. 

Examples. — M. {Adelosina) bicoriiis, Walker and 
Jacob sp. (Serpula bicornis), Kanmacher's edition of 
Adams's 'Essays on the Microscope/ 1798, p. 633, 
pi. xiv. fig. 2. 

A neat striate milioline form, fairly common in 
shallow-water deposits, and very rarely found deeper 
than 40 or 50 fathoms. It is a well-known British 
species. Schlumberger has shown that this species 
belongs to the type Adelosina of D'Orbigny, and that 
it has a distinct standing of its own in regard to the 
internal arrangement of the chambers — that is to 
say, in the dimorphic form B Adelosina has its me- 
gasphere completely enveloped by the first chamber, 
which becomes lenticular. It afterwards passes 
through the biloculine, triloculine, quadriloculine, 
and quinqueloculine stages. 

M. hicornis occurs in the fossil condition in the 
Eocene of the Paris Basin and the London Clay, the 
Miocene of Vienna and Muddy Creek (Victoria), and 
in the Pliocene of Italy, St. Erth, and Sufiolk. 
Eocene to Itecent. (Plate 3, fig. C.) 

M, ohlonga^ Montagu sp. {Vermiculum oblonguin)^ 
' Test. Brit.' 1803, p. 522, pi. xiv. fig. 9. 

One of the commonest forms of the shallow-water 
Miliolince. It is distinguished by its lengthened 
test, the chambers of which are inflated and smooth. 
It exhibits sometimes three, sometimes five faces on 
the exterior of the shell. M. ohlonga is found fossil 
in the Upper Chalk of Taplow, the London Clay, the 
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Miocene of Muddy Creek (Victoria), and the Pliocene 
of St. Erth, of Suffolk, and Italy. Upper Cretaceous 
to Recent. (Plate 3, fig. D.) 

M. (Quifiqueloculina) seminuluvi^ Linn6 sp. 
{Serptda seininuhim)^ ' Syst. Nat.' 1758, ed. x. 
p. 786 ; Gmelin's (xiii.) ed. 1788, pp. 37, 39. 

This is one of the Miliolince which shows portions 
of five chambers on the surface of the shell (hence 
Qumquelocitlina). It is generally looked upon as a 
central type of the group, and it is one of the most 
wddely distributed of the family, both as to locality 
and depth ; regarding the latter it is found down to 
3,000 fathoms. M. seminulum was one of the earliest 
figured species of the genus, and was formerly 
described as a serpula, on account of its contorted 
and wormlike appearance, although, comparatively 
speaking, of very minute size. This species ranges as 
a fossil from the Lower Eocene upwards. (Plate 3, 
figs. E, e.) 

The genera, or rather sub-genera, established by 
Munier Chalmas and Schlumberger by means of their 
work upon the internal appearance of the test in 
transverse section of the megalospheric form are as 
follows : — 

D illina^ Trilocu Una, TriUina, Quinquelocn Una, 
PentclUna, IdaUna, Adelosina, PerilociiUna, Massi- 
Una, HcterilUna, Higmo'iUna. 

Thus, for example, MassiUna is distinguished by 
having a quinqueloculine arrangement of chanibers 
surrounding the megasphere, which are followed by 
a series of chambers disposed in one or two planes, 
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as in a Hpiroloculinaj or two of the same intersecting 
in different planes. 

In Sigvwilina the chambers are arranged alter- 
nately at both poles of the megasphere, with a 
centrifugal or rotary twist of growth, so that a 
transverse section of the test shows the chambers 
grouped in sigmoidal fashion. Usually there is 
an extensive deposit of shell substance round each 
chamber-wall. (See Plate 3, figs. K, I'.) 



Sub-famihj 3. Hauerinin-E. 

The test in this group is dimorphous — that is, 
exhibiting two different plans of growth at different 
stages of the shell-development. The chambers are 
partly milioline and partly spiral or rectilinear. 

Genus Artiadina, D'Orbigny. 

The shell commences with a milioline series of 
chambers, afterwards followed by a straight series. 
Lower Eocene to Recent. 

Example. — A. Sagra, D'Orbigny, De la Sagra's 
* Hist. Physiq,' &c., Cuba, 1839, ' Foraminifdres,' 
p. 183, pi. ix. figs. 23-26. 

One of the interesting ornate forms, found chiefly 
in the vicinity of coral reefs, as in the West Indies 
and at the Fiji Islands. The early milioline 
chambers are clearl)^ seen in this species ; the aper- 
ture is a lengthened curved slit. Becent. (Plate 3, 
fig. F.) 
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KXriANATlON OF PLATE 3. 

A. ^. ^{'trvs.vjiit'^.j ♦•jjjvr».\t» K^nrvr : ti. peripherml aspect, x 45. 

Iv \ ^r^wVor-.t ".t t\\t-a:.tM. I^oMurv^k: .r. ortl aspect lafter Brjidyi. 

V V«:c, \ '. ; t:\ iV^V**.?^ >:>v-ti*. W. ar.i J. sp. .after Brmdj-I x -25. 

l\ VtVv .*. ^.j: .v\ •'. /.', Moiua^-u <r* aft<r Bri«iy«. » S5. 

Vs /. V .'. \\ r.* V** ; ■» (T t ^''■1 - r -« *- " : 1 1 * i •«* Limi<t ?p^ : e^ ond aspect 

V » V ■■ • V u.- > ,« .1.. • . . , v\*>cti «r^ »•> "sraza^ ii g c cj cci cf test. 
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Genus Vertehralina^ D'Orbigny. 

Early chambers partly milioline and partly piano- 
spiral, later segments in a straight series. Eocene to 
liecent. 

Example. — V. striata^ D'Orbigny, ' Ann. Sci. Nat.' 
vol. vii. 1826, p. 283, No. 1 ; Modele, No. 81. 

The above species is often found in sponge sand 
from the Mediterranean, and it is frequent in shallow 
water round coral islands in the tropics. — Becent. 
(Plate 3, fig. G.) 

Genus OphthalmidiiiDij Kubler. 

Spiral and unconstricted at the commencement, 
subsequently with two or more segments in each 
whorl. Lias to Becent. 

Example. — 0. fumidulum, Brady, ' Rep. " Chall." ' 
vol. ix. 1884, p. 189, pi. xii. fig. 6. 

This species was obtained by H.M.S. ' Challenger ' 
from the West Indies at a depth of 390 fathoms. 
An arenaceous isomorph of this form was found by 
the writer in the Gault clay at Folkestone.— JR^c^nf. 
(Plate 3, fig. H.) 

Genus Hauerina^ D'Orbigny. 

Commencing with a mUioUna'like series, after- 
wards planospiral, with more than two segments in 
each whorl. Cretaceous to Becent. 

Example. — H. ornatissima^ Karrer sp. {Qninque- 
locnlina ornatissima)^ ' Sitzungsb. Ak Wiss. Wien/ 

vol. Iviii. 1868, p. 151, pi. iii. fig. 2. 

H 
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This elegant little species was first described as a 
fossil from the Miocene of the Banat. It is a well- 
knoi^'n fonn in the coral sandp of tropical areas ; for 
example, it is common at Funafuti, in the Pacific, 
at depths ranging from 35 to 150 fathoms, whilst 
at less depths it seems to be rare. Miocene and 
Recent. (Plate 3, fig. I.) 

Genvs Planispirinay Seguekza. 

CMiambers equitant, otherwise arranged as in 
Hituerina ; the lateral alar prolongations of the latest 
i*onvohition enclosing the previous whorl. Tertiarij 
to Recent. 

Example. — P. contraria^ D.'Orbigny sp. {Biloculina 
contraria), ' Foram. Fossiles de Vienne,' 1846, p. 266, 
pi. xvi. figs. -I 0. 

In the oarlitM" part of the shell there are two 
ehamlvi-s in each whorl, which increase later to five 
or six. The walls of the ehambers extend over the 
hitenil faces of the shell, as in the nummulite. For this 
ivasou Steinmauu proposed the name Xummoloculina 
tor the genus, whieh, however, dcvs not stand, since. 
S<\i:ueui:a's name is of earlier date. The range of 
tiiis savvies is from the Mccx^'tne to Btccnt. (Plate 3, 

The us: ir. this grv^up is pLiiiospiral, or cyclical. 
soi-.euiiies crv^.£ier«shaiva, and bilaterallv svmme- 
lirical. 
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« 

Genus Cormispiraj Schultze. 

Consists of a plauospiral tube, which is un- 
ivided. 

This genus is isomorphous with certain species of 
be arenaceous genus Ammodiscus and the hyaline 
enus Spirillina. 

Coniuspira has been doubtfully recorded from the 
!arbo-Permian of Tasmania. The recorded occur- 
ences of the genus from Jurassic and Cretaceous 
Dcks are not satisfactory, for the specimens gene- 
ally prove to be Ammodisci on minute examination, 
'he genus is common, however, throughout Tertiary 
3ssiliferous strata to recent times. 

Example. — (7. involcens^ Eeuss, ' Sitz. k. Ak. Wiss. 
V^ien,' vol. xlviii. (Abth. 1), 1863 (1864), p. 39, pi. i. 
g. 2. 

This species is distinguished by the embracing 
haxacter of the whorls as they rest successively on 
ach in turn, as well as in the roundness of the tube. 
Q this latter feature it differs from C. foliacea^ which 
as a thin flattened shell. It is usually a shallow- 
ater form, but is sometimes found at considerable 
Bpths. Tertiary to Recent. (Plate 4, fig. A.) 

Genus Peneroplis^ Montfort. 

Chambers undivided ; arrangement either plano- 
)iral throughout or spiral only at the commence- 
ent, subsequently becoming rectilinear or cyclical. 
ertiary to Heceiit. 

Examples. — P. arietiniis, Batsch sp. (Nautilus — 

h2 
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Littiua — arieti?ius), 'Conch. Seesandes,' 1791, pi. vi. 
fig. 15, (• (type). 

This is a coininon form in the sand from the 
shores of the Levant, and can often be obtained from 
sponges. This and other forms of the genus are so 
nearly related that they are by some authors grouped 
as a species under the collective type-name P. 
jwrtustts. The genus is connnonly found at depths 
of less than 80 fathoms, liecent. (PI. 4, figs. B, b.) 

l\ jilanafttSy Fichtel and Moll sp. (Nautilm 
phinatus), * Test. Micr.' 1798, p. 91, pi. xvi. fig. 1, 

A broad roniplanale form with a striated surface. 
Tht* aivrturos are a single row of pores on the septal 
face. Iu\, r\ ^^ Plate 4, fig. O 

The sub-gonerir tyjvs which call for special 
notice ar<^ .lv...\ :?, Muuitrr Chalmas, in which 
the rest is ot the I\ i ' : : x type, but the later 
chauilvi-s tti.vi tv^ a v\\ Ileal arrangement ; and Jl/om?- 
' V ■ ,\ v":.:iv!:.:ir.. which iiioludes the deUcate- 
>:u\U\i t\ v:::s. suv h ;v< those o: the l\ ^iruu^ type, and 
u :vvv-: vv-i M V- . S. "?^f. vPlate 4, 
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(Nautilus), 'Test. Micr.' ITSB^.pp. 112, 113, 115, pis. 

• ^ 

xxi.-xxiii. * ••*'.* 

•• *• 

The single species of this geijus is found com- 
monly in the West Indies, the Ilekl' Sea, and the 
Indian Ocean. It is found at mod^ate depths. 
Miocene to Becent. (Plate 4, figs. E, e^ y ' 

The sub-generic type Meandropsina ^Munier 
Chalmas) has a test in which the median laj:^h of 
chamberlets is arranged as in Orhiculina^ wtril^t 
the outer layers are formed on the plan of' 
Orhitolites. 

Genus Orhitolites^ Lamarck. 

Test discoidal, sometimes undulate or rarely 
sinuous ; growth either spiral (non-embracing) just 
at the commencement, or with one or more inflated 
primordial chambers ; subsequently cyclical ; cham- 
bers more or less regularly divided into chamberlets. 
Upper Cretaceous to Recent. 

Example. — 0. co77ipla n a ta .IjB^niRTck, ' Syst. Anim. 
sans Vert.' p. 37G ; Carpenter, ' Phil. Trans.' 1856, 
p. 224, pis. iv.-ix. 

This is one of the best known species of Fora- 
minifera, for they form a large proportion of the 
calcareous sands which make the beaches, and assist 
in the building up of the coral islands of the Pacific 
and Indian Oceans. It is common in all tropical 
and temperate seas, occurring abundantly in the 
shallow-water sands. 

O. complanata is the most complex species of the 
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genus, and in adult foiins is composed of many 
superposed layers of chamberlets, the number of the 
layers increasing *is the shell advances in growth. 
Sometimes this ijj>ecies loses its regularly discoidal 
contour and, \gro wing attached to algae and other 
marine objects, becomes more or less sinuous and 
irregular. 

•Owing to the thinness of the wall of the primor- 
dki. segment, and to the fact that it usually 
protrudes beyond the general surface of the test, 
the specimens found in shore sands, where they are 
exposed to weather action, are often found perforated 
in the middle. The natives of coral islands often 
take advantage of this, and select the larger speci- 
mens (often half an inch or more across) to sew into 
the native dresses for decorative purposes. 

There is a large variety of 0. coinplcinata known 
as variety ^^//cYsrfa (Dana), or variety laciniata 
(Brady), in which the edge of the disc is double and 
is also frilled. This condition of the shell was 
shown by H. B. Brady and other observers to 
contain the megalospheric young of the species, 
enclosed in large chamberlets arranged aromid the 
periphery. This particular variety is only found in 
tropical areas, and usually in the neighbourhood of 
coral reefs, in quite shallow water.' 

0. compJanata apparently first appeared in the 
Maestricht beds (Upper Cretaceous), and continued 
on to the present day. (Plate 4, figs. F, /.) 
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Sub-famihj 5. Alveolinin^. 

Test spiral, elongated in the line of the axis of 
convolution, chambers divided into chamberlets. 

Genus Alveolina^ Defrance. 

Test subglobular, elliptical, or fusiform ; recent 
species often with subdivided chamberlets. Cre- 
taceous to Kecent. 

Example. — A. Boscii^ Defrance sp. {Oryzarici)^ 
' Diet. Sci. Nat.' vol. xvi. 1820, p. 104. 

The chamberlets in this species are often sub- 
divided by horizontal partitions, which give rise to a 
complex series of pores, appearing externally along 
the septal plane of the test. This species seems 
restricted to shallow water, being rarely found deeper 
than 30 fathoms. Middle Eocene to Recent. (Plate 
4, figs. G, g.) 

The sub-genus Flosculina, Stache, is chiefly 
distinguished by its extraordinarily thickened shell- 
wall, the rows of chamberlets occupying a proportion- 
ately small space. 

Genus Lacazina^ Schlumberger. 

Test ovoid or subspherical ; the chambers 
arranged in an elongated coil, as in Alveolinay but 
having apertural communication alternately at 
opposite ends. The chambers are subdivided into 
chamberlets. Cretaceous and Tertiary. 

Example. — L. Wiclimanni^ Schlumberger, 'Bull. 
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EXPLANATION OF PLATE 4. 

Via. 

A. Cornusjnra involvcns, Kousb. x 30. 

B, h. Pencroplis arietmns, Batsch sp. : 6, oral aspect, x 20. 

C. PencrojjUs jtlanatus^ F. and M. sp. x 20. 

1). Pencroplis {Moiialyaidium) Sollaai, Chapman, x 50. 

E, c, OrhicuUnaadunca^ F. and M. sp. : e, half-section of a fragment 
of test showing chamberlets. E x 13, r x 32. 

F, /. OrhitoHtes comj>lanata^ Lam. (young specimens) : /, transverse 
and vertical sections (after Carpenter). F x 30, / x 36. 

G,f/. Alveolina Boscii^ Defr. sp. : f/, transverse section (after Brady). 
X 15. 

II. Keramosphccra Murrai/i, Brady, x 7. 




Family II. MILIOLID.E (conclude<l). 
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Soc. Geol. France,' ser. 3, vol. xxii. 1894, p. 296, pi. 
xii. and text figure 1. 

The test in this species resembles Alveolina 
.sphcericaj but with the internal arrangement of 
chambers peculiar to Lacazina. The chamberlets 
are small, with much secondary shell growth, as in 
Flosculina. Surface of the test pitted. Tertiary^ 
New Guinea. 

Suh'famihj 6. Keramosph.erin^. 
Test spherical, chambers in concentric layers. 

Genus Keravios2)licera^ Brady. 

Test spherical, composed of a multitude of more 
or less irregularly shaped chamberlets arranged in 
concentric layers. This form appears to be iso- 
morphous with the hyaline Gypsina globulus. 

Example. — K. Miirrayi, Brady, 'Ann. and Mag. 
Nat. Hist.' ser. 5, vol. x. 1882, p. 242, pi. xiii. 

In transverse section the test appears somewhat 
like that of Orhitolites in its arrangement of the 
chamberlets, but it is more irregular, and the pores 
on the surface communicate with each chamberlet 
obliquely instead of by pores disposed normally to 
the surface of the test, as in Orbitolites. 

Only two specimens of this interesting porcella- 
nous type were found by Mr. (now Sir John) Murray 
during the ' Challenger ' expedition. They came 
from the deposit of Diatom Ooze, at some distance 
ofiE the S.W. of Australia, from a depth of 1,950 
fathoms. " Recent. (Plate 4, fig. H.) 
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CHAPTER IX 
THE FAMILY ASTROEHIZID^ 

General Characters and Affinities. — Test invari- 
ably composite, usually of large size and nionothala- 
mous ; often branched or radiate, sometimes seg- 
mented by constriction of the walls, but seldom or 
never truly septate ; polythalamous fonns rarely 
symmetrical. 

The various genera of this group are all arenace- 
ous in their shell structure ; and this series, together 
with the succeeding family of the Lituolid.e and 
the portion of the family Textularhd.e consisting 
of the arenaceous types, form the comprehensive 
group of the Arenacea of Rupert Jones and the ' kiesel- 
schalige Foraminiferen ' of Von Reuss. The material 
of which the test is composed comprises coarse or 
fine sand-grains (quartzose), fine arenaceous nmd, 
admixtures of calcareous nmd and sand, sponge 
spicules felted together or made coherent by sarcodic 
cement, the agglomerated tests of other Foramini- 
fera. or, in rare cases, merely of an investment of 
chitinous substance with or without a meagre stiffen- 
ing of fine sand. 

The majority of the forms which are comprised 
in the Family AsTRoimiziD.E, owing to their generally 
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deep-water habits, have been discovered only of 
late years, comparatively speaking, by the modem 
methods of deep-sea dredging, the operations of 
which have effectually proved that almost every 
part of the ocean floor is the habitat of living 
organisms. 

One of the most noteworthy forms in this family 
is that of the genus Astrorhiza, which, as a 
central type, has been taken by Brady to indicate the 
general character of the whole group. A shallow- 
water species of this genus was discovered as far 
back as 1857 by Sandahl, who found his specimens 
of A. liviicolaj as the species is named, oflf the coast 
of Sweden. This is, however, one of the exceptions, 
since the majority are found in deep water, and to 
this exceptional occurrence the early discovery of 
the genus is due. 

The Astrorhizids are for the most part irregular 
in form, or at all events do not show the same 
symmetry as members of other families of the 
Foraminifera. A special feature in the construc- 
tion of the test is that, notwdthstanding the rough 
exterior, the inside is, we may say, invariably 
smooth, and often quite glazed or polished with 
the sarcodic or chitinous cement ; reminding one 
in this respect of the internal surface of moUuscan 
shells where in contact with the mantle of the 
animal. 

The genus Psamviospluera is one of the simplest 
types of the AsTR0RmziD.E, consisting of a single 
globular segment enclosed in a rough sandy test, 
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without any definite aperture, for the sarcode flows 
out between the interstices of the coarse sand- 
grains which form the investment- 

An agglomerated series of spherical or sub- 
spherical chambers results in a form like the genus 
fioro^phcera. In Saccammina the walls of the test 
are more firmly cemented^ and a distinct orifice is 
present. In the fossil species, found in the Carboni- 
ferous limestone (.S. fusnliniformU)^ the sheU-waU 
is partly arenaceous and partly calcareous ; or, 
perhaps more correctly, consists of calcareous grains 
with a partially calcareous cement < subarenaceous) ; 
and there is a tendency for the subglobular or 
fusiform segments to form a connected series of 
chambers united by a short stolon or necklike 
prolongation, instead of breaking oflf as a separate 
individual after reproduction, as in the recent 
S. splicer it a. On the other hand the recent 
S. ^ocialts shows some aftinitv towards the fossil 
form in its tendency to assume a lateral plan of 
serial budding, the segments being formed side by 
side, %vith their apertures directed outwards. 

Other similarly rudimentary types have their 
tests composed of sponge spicules selected by the 
orgam'sm from the surrounding mud ; these may be 
more or less closely felted together, and mingled in 
some cases with a small proportion of the mud. 
These spicular forms are chiefly found in the sub- 
family Pelulinxnx. 

The tubular modifications of the AsxRORmzip^ 
frequently consist of a simple tube with constric- 
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tions, but with one end closed, as in Jaculella and 
Hyperammina^ whilst some sinuous and branching 
forms are represented by Bhizammina. 

The typical Astrorhiza has a test composed of 
fine sand and mud ; the primordial portion of the 
test is the central swollen part, from which starts 
a series of radiating tubes. Modifications of this 
type form are found in Demlrophrya^ the tubes of 
which are usually compressed and irregular. 

Syringammina is a complicated radial growth of 
astrorhizid tubes, the whole test having a spherical 
contour. 

A ramifying network of finely arenaceous tubes 
adherent to shells and algie is represented in the 
genus Sagenina. In Hhahdamviina the test is 
tubular and radial, the arms being limited in number 
to three, four, or five rays, which are generally 
straight. The structure of the test is usually 
coarsely arenaceous. Marsipella is another tubular 
fonn, with apertures at both ends ; and its test is 
normally composed of short sponge spicules, grouped 
in little bunches as it were side by side. 

Botellina is distinguished from some forms of 
Hyperammina having regular or straight tubes, by 
the peculiar inner structure of the test, which in 
the former genus is irregularly divided by partitions, 
so that the interior is labyrinthic. 

The recent genus Aschemonella is singular in 
having a somewhat different structure from the rest 
of the AsTRORmziD^, for in this genus we have indi- 
cations of a partially septate test, connecting it with 
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the unsvmmetrical forms of the Porcellanous and 
Hyaline groups, as Xubecularia and RamuUfw. In 
external characters it also bears some resemblance to 
the fossil genera Staclieia and XodosineUoj but diflfers 
in its simple chamber cavities and thimier sheU- 
walls. 

Haliphystmu is another example of the tjpes 
which construct their tests largely of sponge spicules. 
The bristling tennination of the test causes the 
organism to look very like a tiny sponge ; and it was, 
indeed, taken for such bv Bowerbank, who first 
described it as the smallest known British sponge. 

Some doubt has been expressed regarding the 
validity ol some of the more irregular of the fore- 
going examples of arenaceous organisms as definite 
rhizopod structures, and Professor Haeckel is dis- 
posed to re.^ard them us members of the group of 
deep-sea keratose sponges {AmntiHronuhf). In point 
of size, for instance, these arenaceous forms greatly 
differ from the Keratosa, beinc much smaller, even 
when fully deveK^ped. 

The true forms vi arenace^>us Foniminifera are 
praetically unknown to us from the oldest rocks, and 
there is, therefore, iio direct evidence that these were 
the primitive forms of foramiuifenil life, although 

stroni^lv maintained bv some writers. The oldest 

* • 

Fonimiiiifem known to us, as will be seen in the 
chapter t-u the Geolo^rical Kange of these organisms, 
are those of the hyaline group. This is to be 
expected as a natural sequence in their relations to 
the eV4>iii:ir»u of uiariiie deposits and their accom- 
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panying faunas; for it has been shown, by Murray 
and others, that the mud line round continents is 
the great feeding-ground of the various groups of 
animal life, and, with equal reasoning, the starting- 
point of many types of life, which subsequently 
became modified by change of condition, such as 
the abyssal for example, which, according to its 
faunas, may be regarded as abnormal, since at the 
present time only erratic or specialised modifications 
of life are found there. At first thought it might seem 
that the simplest type of test structure would be 
the arenaceous tube or sphere, but observations in 
other groups wdll serve to show how a decidedly 
complex structure may be produced on the simplest 
possible plan. Looking further into the case of the 
foraminiferal shell, the essential feature of the 
animal is its ability to send forth reticulate and 
threadlike pseudopodia. These extruded threads 
become, in the course of the building up or forma- 
tion of the shell- wall, partially surrounded by shell- 
substance along a certain Une external to the main 
body or series of segments, and thus, by a simple 
process of calcification of the external layer, or depo- 
sition at the bases of the pseudopods, an apparently 
complex shell-structure may be formed, corresponding 
with any of the hyaline types which have been found 
in the lower palaeozoic rocks. 
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Suh'faviihj 1. Astrorhizik^. 

Walls thick, composed of loose sand or mud, ver}* 
slightly cemented. 

Genus Astrorhiza, Sandahl. 

Test fusiform or depressed ; in the latter case 
either sublenticular, with angular or irregularly 
radiate margin, or in branching masses. Apertures 
terminal in each ray or branch. Recent. 

ExAiiPLE.— .4. arenaria^ Norman, 'Proc. Hoy. 
Soc' vol. XXV. 1876, p. 213 ; Brady, ' Rep. '' Chall." ' 
vol. ix. 1884, p. 232, pi. xix. tigs. 5-10. 

This is a deep-water form, being seldom found in 
less than 150 fathoms, and usually much more. It 
is almost essentially a North Atlantic species. 
Norman obtained it from Norway, Goes from Spitz- 
bergen, and Brady from the Cape of Good Hope (a 
single example). Recent, (Plate 5, tig. A.) 

Genus Pelo.sina^ Brady. 

Test formed of mud, with a chitinous lining ; 
more or less flask-shaped or subcylindrical. Recent. 

Example. — P. rotundata, Brady, 'Quart. Joum. 
Micr. Sci.' vol. xix. 1879, p. 31, pi. iii. figs. 4 and 5. 

The walls of this species are very thick and com- 
posed of soft mud or ooze. Its range in depth 
appears to be from G40 to 2,050 fathoms. Recent. 
(Plate 5, tig. B.) 
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Genus Storthosphcera^ Schulze. 

Test subglobular, very irregular externally ; 
apertures numerous, situated in horn-like protube- 
rances ; interior smooth. 

Example. — S. albidaj Schulze, ' II. Jahresberichte 
d. komm. Untersuch. d. deutsch. Meere,' Berlin, 
1H74, p. 113, pi. ii. figs. 9a-rf. 

This genus is represented by a single species 
only, which until lately seemed to be restricted in its 
habitat to the N. Atlantic, where it was found off 
the coast of Norway, the Faroe Channel, and the 
Bay of Biscay, all in moderately deep water. A 
doubtful worn example was obtained from the 
S. Atlantic in 1,900 fathoms by the ' Challenger.' 
Dr. Flint records it from the Gulf of Mexico at 
730 fathoms (* Albatross ' Collection), and it has also 
been found by Dr. Egger in the ' Gazelle ' dredgings^ 
off Western Australia. Recent. (Plate 5, fig. C.) 

Genus Dendrophrya^ Stkethill Wright. 

Test adherent, formed of mud with a chitinoua 
basis ; either irregularly outspread or columnar and 
branching. Post-Tertiary. Recent. 

Example. — D. radiata, Str. Wright, 'Ann. and 
Mag. Nat. Hist.' ser. 3, vol. viii. 18G1, p. 122 ; 
Brady, ' Kep. " Chall." ' vol. ix. 1884, p. 238, pi. xxvi. 
A, figs. 10-12. 

This shallow-water form is allied in structure to 
Astrorhiza, but the test is very variable in form. It 

I 2 
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was found by the above author in the Old Gran ton 
Quarry, near Edinburgh, and in the low-tide pools 
of C umbrae. Firth of Clyde, generally attached to 
stones and fuci. The other remaining species of 
this genus, D. erecta, has been recorded by the author 
from the Post-Tertiarj^ deposits of Barry Dock, Cardiff. 
lieceut, (Plate 5, fig. D.) 

Gekus Sijrifujcnnminaj Brady. 

Test consisting of a large rounded mass of 
branching radiating tubes, arranged in more or less 
distinct layers or tiers ; texture coarsely arenaceous, 
the sand-grains verj' loosely aggregated. Becent. 

Example. — S. fragiUssima^ Brady, ' Proc. Roy. 
Soc' vol. XXXV. 1883, p. 155, pis. ii. and iii. 

This is a peculiar organism, resembling a mass 
of Astro r1iizaA\ke tubes arranged radially. When 
broken open the separate tubes are seen to bear 
numerous apertures opening into the interstices of 
the mass. The examples on which the description 
is based were obtained from the ' Triton ' dredgings 
in the Faroe Channel by Murray. The specimens 
measure about 1\ inch (38 mm.) in diameter. 
Piecent, (Plate 5, figs. E, e.) 



Sub'familfj 2. Pilulinin.e. 

Test monothalamous ; walls thick, composed 
chiefly of felted sponge spicules and fine sand, with- 
out calcareous or other cement. 



THE FAMILY ASTEOKHIZID^ 117 

Genus Piluliiia, Carpenter. 

Test nearly spherical ; aperture a long and more 
or less curved or sigmoid slit. Recent. 

Example. — P. Jeffreysii, Carpenter, 'The Micro- 
scope,' 5th ed. 1875, p. 532, figs, rf, e. 

This is the only species of the above genus, and 
until lately examples were only known from the 
* Porcupine ' dredgings, from the N. Atlantic, at 
630-1,476 fathoms.' It has again been recorded 
quite lately by Flint from the N. Atlantic (* Albatross ' 
Collection). Becent. (Plate 5, fig. F.) 

Genus TeclniiteUa, Norman. 

Test oval or subcylindrical ; aperture, typically, 
a rounded orifice at one end. Recent. 

Example. — T. legumen, Norman, ' Ann. and Mag. 
Nat. Hist.' ser. 5, vol. i. 1878, p. 279, pi. xvi. figs. 
3,4. 

A variable species, but distinguished by its elon- 
gate-oval form. It is sometimes quite encrusted 
with mud, but on removing this the characteristic 
spicular test is seen beneath. The range in depth of 
this form is very great — from 60 to 2,350 fathoms — and 
it is found in almost every part of the world, though 
never very common in any sounding. Receiif. 
(Plate 5, fig. G.) 

Genus RhaphidoHcene^ Vaughan Jennings. 

Test conical or tent-shaped, composed of sponge 
spicules ; adherent. Aperture probably at the apex. 
Recent. 
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EXPLANATION OF PLATE 5. 

A. Astrorhiza arciKirin, Norman (after Goes), x 5, 

li. Peloaina rotntuJafn, Brad v. x 10. 

C. Storthoftpf terra alhitln, Seliiilze (after Brady), x 10. 

D. Dendrophri/a milinin, Strethill W'rij^fht (after Brady). x3*^ 
E, e, Si/ringamviina fnif/iliififima^JiTady. E = nat. size; e= x8. 

F. Pilulina Jcffret/sii^ Carpenter, x 8. 

G. TechrnteUn Icffinnrn, Nt^nnan (after Bratly). « JJ**). 
H. lihaphidoscrnc rotiica, Jennings, x 18. 

I. Bathi/siphon tilifonnisj M. Sars. x 3. 




Family III. ASTEOEHIZID^. 
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Example. — B. conica^ Jennings, ' Journ. Linn. 
Soc, ZooL' vol. XXV. 1895, p. 320, pi. x. 

Test conical, height shghtly greater than width 
at the base. Composed of spicules closely arranged, 
and pointing from the base to the apex. Base of 
test attached by a small amount of whitish, possibly 
calcareous, cement. Adherent on Botellina tests. 
Height about 1 mm. From the Faroe Channel at 
440 fathoms. Becent. (Plate 5, fig. H.) 

Genus Batliysiplion^ Saks. 

Test long, cylindrical, slightly tapering; in the 
form of a straight or curved tube open at both ends. 

Example. — B. filiformis^ G. 0. Sars, 'Vidensk.- 
Selsk. Forhandl.' 1871, p. 251; Brady, ' Kep. 
" Chall." ' vol. ix. 1884, p. 248, pi. xxvi. figs. 15-20. 

This species has a very long and narrow tube, 
often two inches in length. The walls of the test 
are composed of felted spicules and fine sand. Colour 
light grey or white ; sometimes yellowish brown. In 
the living state the shell is filled with dark-coloured 
or nearly black sarcode. 

It is a rare form, and has been recorded from the 
Hardanger Fiord (M. Sars, G. 0. Sars, Norman), 
Bay of Biscay (Norman, De Folin), Amboyna (Brady), 
Arabian Sea (Chapman). Becent, (Plate 5, fig. I.) 

Huh'famihi 3. Saccamminin^. 

Chambers nearly spherical ; walls thin, composed 
of firmly cemented sand-grains. 



122 THE FORAMINIFERA 



Genus PsammnspluerUj Schilze. 

Test a single globular chamber without any general 
aperture, the pseudopodia issuing from interstitial 
orifices. Jura.s.sic to Becent. 

Example. — P. ftisca. Schulze, * II. Jahresberichte 
d. komm. Untersuch. d. Deutsch. Meere/ p. 113, 
pi. ii. tig. 8, </,/. 

This little spherical foraminifer is normall}* free, 
but is sometimes found attached to stones, or built 
round sponge spicules. It is widely distributed, both 
geo»?raphically and bathymetrically. It has also been 
recorded as fossil from the I'pper Jurassic of Switzer- 
land, by Haeusler. Uj'j»er Jffrasiic a fid Hecent. 
{ Plate 0, tig. A. ) 

Genus SnrosjjJuera, Bkady. 

A number of gobular chambers adherent to each 
other, without distinct stoloniferous tubes and with 
no general aperture. Bectnf. 

Example. — *S. ("/////.!></, Brady, 'Quart. Joum. 
Micr. Sci.' vol. xxi. N.S. 1879, p. 98, pi. iv. figs. 
IS. 11). 

The walls of this species are thin and finely 
arenaceous in texture, with minute interstitial ori- 
tices. Diameter of the colony sometimes one-sixth 
inch (4o mm.) It has been foimd in various parts 
of the X. Atlantic from o42 to iKH) fathoms, and in 
the N. Pacific at •2,9lX> fathoms. Btcent. (Plate 6 
tii:. B. ) 
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Genus Saccammiva^ M. Sars. 

One or several gobular, pyriform, or fusiform 
chambers, with distinct apertures. Polythalamous 
forms with or without stoloniferous connections. 
Carboniferous and Recent. 

Examples. — S. fnsulinifornih, M'Coy sp. (=>S. 
Carteri^ Brady) [Nodosaria fusnUnaformis], ^Ann. 
and Mag. Nat. Hist.' ser. 2, vol. iii. 1849, pp. 131, 
132. Chapman, ibid., ser. 7, vol. i. 1898, p. 215, 
woodcut. 

This is an important rock-forming organism, since 
it often constitutes a large proportion of the lime- 
stones of the Carboniferous fonnation. The weathered 
spherical tests stand out in relief on the rock, and 
the limestone containing them is called ' the spotted 
post • by the Cumbrian miners. The subspherical 
tests of S. fusulinifornds are usually found separated, 
but such w^as not their condition during growth, for 
w^hen their remains are found protected, as, for 
example, enclosed in the shell of Euomplialus, w^o 
find the chambers are united in a straight or slightlj- 
curved series, and, indeed, even in the rock itself we 
uiay often see two or even three chambers connected 
together. Carboniferous Limestone. (Plate 6, fig. C.) 

S. sphcericaj M. Sars, ' Vidensk.-Selsk. Forhandl.' 
1868, p. 248; Brady, 'Kep. ^' Chall.'" vol. ix. 1884, 
p. 253, pi. xviii. figs. 11-17. 

The globular or pyriform tests of this species are 
composed of coarse arenaceous material. The sand 
forming the walls is generally quartzose ; that of the 
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fossil spocios seems to have been calcareous. *S. 
sfihirrica is dredged up in considerable numbers 
fn>m some localities; in this it resembles the 
ooounvuco of the fossil species. Becenf. (Plate 6, 
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Test with a spherical or oval primordial chamber, 
opening into a long tortuous tube, the whole often 
adherent to the surfaces of shells or stones. Shell- 
wall thin and finely arenaceous. Diameter of tube 
•05 to '2 mm. There is no real evidence to establish 
the identity of GirvaneUa with the above form ; it 
is more than likely that the Girvan fossils are a form 
of the tortuous algoid bodies common in certain 
palaeozoic and mesozoic limestones. Jurassic to 
Recent (Plate 6, fig. F.) 

Genus Marsipella^ Norman. 

Test fusiform or cylindrical, with an aperture at 
each end ; largely composed of sponge spicules, espe- 
cially near the extremities. Jurassic and Recent. 

Example. — M. cylindrical Brady, * Proc. Eoy. Soc. 
Edinb.' 1882, vol. xi. p. 714 ; ' Eep. " Chall."' vol. ix. 
1884, p. 265, pi. xxiv. figs. 20-22. 

This form has a delicate spicular test. It is widely 
distributed, and ranges in depth from 210 to 1,900 
fathoms. Recent. (Plate 6, fig. G.) 

Genus Rhabdammina, M. Sabs. 

Test rectihnear, radiate, or irregularly branching ; 
with or without a central chamber. The open ends 
of the tubes forming the apertures. (?) Lower Plio- 
cene to Recent. 

Example. — R. abyssonnnj M. Sars, * Vidensk.- 
Selsk. Forhandl.' 1868, p. 268; Brady, ^ Kep. 
^' Chall." ' vol. ix. 1884, p. 266, pi. xxi. figs. 1-13. 

The original specimens were dredged in deej) 



126 thp: foraminifera 

water off the coast of Norway bj' Professor M. Sars. 
They are frequent in many of the deep-sea soundings 
from all parts of the world, occurring in both low and 
high latitudes. 

This species is typically triradiate, but occasion- 
ally varies in ha\ing four or even five arms to the 
test. The shell wall is coarsely sand}', and there is a 
fairly large proportion of peroxide of iron in its com- 
position. It varies in colour from pale to dark 
reddish brown, or even nearly black. 

The species has been recorded, \\'ith some reserva- 
tion, by Dr. de Amicis from the Lower Pliocene of 
Sicily. (?) Loircr Pliocene, lieceut. 

Genus Aaclienionella^ Bkady. 

Test very variable in form ; usually consisting; of 
irregular inflated sacs, either single and presenting 
several tubulated orifices or combined in branching 
series. Beceut. 

Example. — A. catemitd^ Xonnan sp. {Astrorhiza), 
' Proc. Eoy. Soc' vol. xxv. 1870, p. 213 ; Brady, 
'Quart. Journ. Micr. Sci.' vol. xix. N.S. 1879, p. 42, 
pi. iv. figs. 12, 13. 

This is an essentially deep-water tj'pe. The 
species above named is widely distributed. It has an 
irregularly branched test, with inflated chambers; 
and more than one orifice to each chamber is fre- 
quently seen. The shell wall is compact but thin, 
and the interior smooth, whilst the exterior is slightly 
rough in texture, and often coated with nmd. 
Eecent, (Plate G, fig. 1.) 
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Genus Rhizamviina, Brady. 

Unattached masses of fine flexible, simple or 
branching, chitino-arenaceous tubes ; more or less 
rough externally. Gault. Recent. 

Example. — B. algceformis^ Brady, ' Quart. Journ. 
Micr. Sci.' vol. xix. N.S. 1879, p. 39, pi. iv.figs. 16, 17. 

This form is seen under a variety of aspects, 
according to the nature of the sea bottom. Some- 
times it is merely a branched flexible tube, roughened 
externally by adherent mud or fine sand, at others 
thickly encrusted with minute objects, as other 
Foraminifera, which the organism has selected from 
the surrounding ooze. It is a deep-water species. 
lieceiit. (Plate 6, figs. J, K.) 

Ctenus SacjeninUy Chapman. 

Test a branching, reticulated, adherent, sandy 
tube, spread over the surface of shells or stones ; 
apertures terminal. 

The name Sagenella^ given by H. B. Brady for 
this generic type, had been already used for a genus 
of the polyzoa by James Hall. The above definition 
of the genus naturally still holds good for these 
ty^es. Recent. 

Example. — Sagenina frondtscenSy Brady sp., 
' Quart. Journ. Micr. Sci.' vol. xix. N.S. 1879, p. 41, 

pi. v. fig. 1. 

This peculiar branching form is especially re- 
stricted, in its distribution, to the shallow water of 
coral regions in the S. Pacific. Its ramifying test is 
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found adherent to shells, Halimeda jomts, and even 
Foraminifera, as Cycloclypeus. Since its occurrence 
in the ' Challenger ' gatherings from the Admiralty 
and Friendly Islands Sagefiina has been found in con- 
siderable abundance around the atoll of Funafuti, 
where it flourishes both inside the lagoon and on the 
outer reef, liecent. (Plate -6, fig. L.) 

Genus Botellina^ Cakpexter. 

Test subcylindrical, probably growing attached at 
one end ; the other end rounded, and formed of loose 
sand-grains with interstitial openings. Interior filled 
with irregular septa, formed of coarse sand-grains 
slightly cemented together, liecent. 

Example. — B, lahijrinthica^ Brady, ' Quart. Jouru. 
Micr. Sci.' vol. xxi N.S. 1881, p. 48 ; ' Rep. '' Chall.'^ ' 
vol. ix. p. 279, pi. xxix. figs. 8-18. 

This species is peculiar among the AsxRORmziD-i-: 
in having a labyrinthic structure in the interior of 
the test. It is a singular fact that B. labjjrifithica, 
the only representative of the genus by the way, 
has only occurred once, in dredgings made by the 
' Porcupine ' in the Faroe Channel, at 440 fathoms. 
Becenf. (Plate (>, fig. M.) 

Gexus Halijyhysema, Bowerbaxk. 

Test columnar, growing attached by an expanded, 
convex, pseudo-polythalamous base ; column straight 
or crooked, either simple and gradually increasing in 
size towards the apex or dividing into a number of 
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branches. Test generally beset wdth sponge spicules ; 
aperture terminal. Recent. 

Example. — H. Tumancwiczii^ Bowerbank, 'Phil. 
Trans.' 1862, p. 1105, pi. Ixxiii. fig. 3. 

There are two species in the above genus, the 
example here selected being the better known. It 
grows adherent to various objects in low- tide pools or 
between tide-marks to a depth of 20 fathoms, and the 
tiny whitish tufty tests are often seen clustering on 
stems of sea-weed. Among other localities it has 
been found off Hastings, Torbay, Jersey, Colwyn 
Bay, and Dublin Bay. Recent. (Plate 6, fig. N.) 
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EXPLAXATIOX OF PLATE 6. 

Fig. 

A. P«ammo«pA<rra/u«ca, Scholze (after Brady). x20. 

B. Soro9ph€tra eonfiua, Brady, x 8. 

C. Sacca m m ina fu 9u Uniform i>, M'Coy sp. x 4. 

D. Saccammina tphitrica, M. Sars (after Brady). » 4. 
£. JaculrUa acuta, 'Brady, x 4. 

F. Hyperammina vagan*, Brady, x 8. 

G. Marsipella cylindrica, Brady, x 8. 

H. Bhabdammina abysMorum, M. Sars. x 4. 

I. Aschemonella catenata, Norman, sp. (after Brady), x 5. 

J. Bhizamtnina alya/ormiSf 'Brady. x4. 

K. Bh izamminaa Igaform t«, a more highly magnified firagment. ^ ^* 

L. Sayenina frondeicens, Brady sp, x 8. 

M. Botellina lahyrinthica, Brady, x 8. 
N. Haliphysema Tumancywiczii,Boy!er\>as}ik. x 17. 




FmiLZ in. ASTBOBHIZIDiE (conctudtd). 
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CHAPTER X 

THE FAMILY LITUOLIDiE 

The Lituoud^ are separated from the foregoing 
family of arenaceous rhizopods chiefly on account of 
their possessing truly septate tests, and their more 
regular form. 

The septa are not always perfectly developed^ and 
the interior of the test is frequently occupied by 
meandering or labyrinthic chambers. 

In this family arenaceous isomorphs of nearly all 
the simpler porcellanous and hyaline types may be 
found : as, for example, in AnunodiscuSj which 
resembles Comuspira and Spirillina; the monotha- 
lamous form of Beophax^ resembUng Lageiia; the. 
uniserial Beophax and Honnosina^ resembling Nodo- 
sarin ; the complanate forms of Haplophragmium^ 
resembUng Marginulina, and Gristellaria ; the 
Haplophragmia with inflated chambers, resembUng 
Globigerinay Botalia, and Nonionina ; the attached 
ionrx Wehhinaj resembUng Vitriwehhina ; and Troch- 
amminay resembUng Anoinaliiia and Rotalia. 

As in the AsTRORmzu)^ the tests of the Lituolids 
may be variously constructed of coarse or fine sand- 
grains held together with chitinous or ferruginous 
cement, as in Beophax and Hormosina ; of calcareous 
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sand with little or much calcaxeous axid sarcodic 
cement, as in Haddonia; of the tests of smaller 
Poraminifera with or without an admixture of cal- 
careous mud, as in certain species of Haplophragmmm 
found in Glohigerina Ooze; of sponge spicules and 
calcareous mud, as in BeopJiax armatus ; or even 
consisting of tiny fusiform spicules of a calcareous 
nature formed by the rhizopod itself, as in Carterina 
spiculotesta. 

The genera belonging to the sub-family LiTUOLiNiB 
are associated together on account of the general 
structure of the test, which is coarsely arenaceous. 
The septation of the test is more often complete, as in 
BeophaXy Haplophragmium^ and Placopsilina ; but in 
Lituola^ Haplostiche, Bdelloidinaj Haddonia^ and 
Polyphragma the chambers are labyrinthic, and con- 
sequently the septation is interrupted or sinuous. 

The genus Polyphragma is here placed with the 
typical lituolids instead of with the Endothyrin^, 
since its chambers have this labyrinthic character 
well developed, and the test presents the ordinary 
coarse arenaceous appearance, without a prepon- 
derance of calcareous cement. 

The labyrinthic genera in the Lituold^^ appear 
to be normally adherent to marine objects, as shells, 
stones, or algae ; and they are either attached to a 
partial extent by the proximal end of the test or are 
adherent along their whole length. 

A thin arenaceous test is a feature of the next 
sub-family, the TROCHAMMiNiNiE. The external shell 
surface is more or less smooth, and the interior is 
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glazed by a thin chitinous lining. Sometimes the 
arenaceous material composing the test is reduced to 
a minimum quantity under certain conditions, as in 
estuarine or brackish pools, the result being a thin 
membranous and flexible test, as, for example, in some 
species of the genus Trochaminina. 

The Endothyrin^ are not so well defined a group 
as the two previous; but they can be said to be 
generally characterised by an arenaceous test com- 
posed of calcareous particles, with a large proportion 
of calcareous cement; their shell- wall is often 
distinctly perforate. There is also a tendency for 
the internal shell structure to become cancellated, or 
broken up into a rudely cellular structure, but not 
to so great a degree as in the next sub-family of the 

LiOFTUSnN^. 

The Endothyrin^ is an entirely fossil group of 
organisms, and it is well represented in the Palaeozoic 
rocks by Nodosiiiella^ Stacheia, Endothyra^ and 
Bradyiruij whilst Involutijui is restricted to the 
Jurassic series of the Mesozoic period. The genus 



Stacheia further extends its range from the Palaeozoic 
into the Mesozoic rocks by its appearance, in some 
abundance, in certain marls of Ehaetic and Liassic 
ages in England and France. 

The types of subarenaceous Patellince^ as Orbito- 
Una and Conulitesj are perhaps more conveniently 
separated from the first named genus ; not on 
zoological grounds, however, for they represent the 
same morphological species of organism. For this 
latter reason Carpenter and Eupert Jones treated 
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rthem as true Patellihce^ and the author has previously 
followed up their study on these' lines (see *Bibl. 
List,' No. 139). The subarenaceous group is never- 
theless so important and distinct in the Cretaceous 
and Tertiary rocks that their separation seems to be 
necessary, especially as we foUow the principle of 
classification by shell structure, which is the most 
convenient, as we have already seen, for a clear and 
systematic survey of the order. 

The sub-family of the Loftusun^ comprises two 
genera only, in which the chambers are partially 
occupied with cancellated or labyrinthic developments 
of the shell- wall. The minute structure of the test 
in Gyclavimina represents the same type of structure 
seen in the shell- wall of the other genus Loftusiu. 
The latter form, however, attains a relatively 
gigantic size compared with the majority of Forami- 
nifera ; and although it has been regarded somewhat 
doubtfully as a rhizopod, chiefly on account of its size, 
it is now generally accepted as a true foraminifer. In 
;both genera the interiors of the chambers are more or 
less filled up with the cancellated and labyrinthic 
shell-wall and septa. The microscopic appearance of 
;the central part of Cyclammina and the first few 
whorls of Loftusia are strikingly similar. The con- 
tour of the test in Loftusia resembles AlveoUna, and 
it may therefore be regarded as an isomorphous form 
of that genus. 

A third genus was originally included in this 
sub-family — namely, Parkeria, from the Cambridge 
Greensand (Cenomanian) — but the structure of its 
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test, although, like the porcellanous type Keramp- 
sphcpra, or the hyaline Gypsina globulus^ in general 
contour, in part resembles the hydroid Hydractinia^ 
in its concentric manner of growth and the vertical 
pillars and septa, and in part shows affinities towards 
the Hydrocorallines in exhibiting in section what 
appear to be zooidal tubes disposed at intervals 
through the coenenchyma, as in the alhed genus 
Stoliczaria from the Trias of Cashmere. 



Sub-family 1. Lituolin^. 

Test composed of coarse sand-grains, rough 
externally ; often labyrinthic. 



Division A. — NoN-LABYRiNxmc Series. 

Genus EeophaXj Montfort. 

Test free; composed either of a single flask- 
shaped chamber or of several, united in a straight, 
curved, or irregular line; never spiral. Jurassic to 
Secent 

Examples. — JR. difflugiformisj Brady, ' Quart. 
Joum. Micr. Sci.' vol. xix. N.S. 1879, p. 61, pi. iv. 
figs. 3a, b. 

This is a single-chambered form of BeophaXy 
which has a wide range in modern deposits both as 
to depth and locaUty. In fossil deposits its occur- 
rence commences with the Rhaetic series in Somer- 
setshire, described by the author ; and in the Jurassic 
rocks of Switzerland, recorded by Haeusler. It also 
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appears to occur in the Granlt of France, and is 
known from Pleistocene deposits at Cumbrae. 
JuroHHic to Uecetit. (Plate 7, fig. A.) 

li. scorjnurus^ Montfort, * Conchyl. System.' vol. i. 
1808, p. 830, 83* ' genre.' 

Of the many species of Foraminifera which are 
widely distributed over the oceanic areas of the 
globe this is one of the better known. It constructs 
its test typically of coarse sand-grains, but where 
restricted to an oozy or spicular deposit it selects 
small shells or spicules, as the case may be, to form 
its test. 

The geological range of this form commences 
in the Jurassic strata and continues to the present 
time. (Plate 7, fig. B.) 

Genus Haidophragmiuvi^ Reuss. 

Tost free ; partially or entirely spiral ; nautiloid 
or crozier-shaped ; chambers numerous. Carboniferous 
to liecent. 

The sub-gonus Coskinolina^ Stache, is dis- 
tinguished by the form of its later chambers, which 
widen rapidly. 

ExAMPLK. — H. Hnmholdtij Reuss {Spirolina)^ 
*Zoitsehr. Deutsch. Geol. Gesellsch.' vol. iii. 1851, 
p. 05, pi. iii. tigs. 17, 18. 

This neat and typical crozier-shaped Haplo- 
phrai/mium makes its first appearance as a fossil in 
the Aptian beds of Surrey, and it was also described 
from various deposits of Lower Tertiary age in Ger- 
nuuiy and Hungary. It does not exactly agree in 
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specific characters with any form of the same genus 
now found Hving. (Plate 7, fig. C.) 

H. nonioninoideSy Keuss, * Sitzungsb. k. Ak. Wiss. 
Wien,' vol. xlvi. 1862, p. 30, pi. i. fig. 8. 

The test of this fossil form is composed of sand- 
particles of medium coarseness, of a pale grey to a 
ruddy brown colour, with occasional chips of green 
glauconite interspersed. The contour of the shell is 
well rounded and fairly subglobular in form, but 
flattened at the umbihci. The arched slitlike aper- 
ture is very nearly central on the septal face of the 
shell. As to distribution in geological time, it is 
quite a restricted form ; for it first appears in the 
Aptian formation of England and afterwards in the 
Gault both of England and Germany. (Plate 7, 

fig. D.) 

Genus Placopsilina, D'Orbigny. 

Chambers plano-convex, adherent. Jurassic to 
Recent. 

Example. — P. cenomana^ D'Orbigny, * Prodrome 
Pal6ont.' vol. ii. 1850, p. 185, No. 758; Eeuss, 
*Denkschr. k. Akad. Wiss. Wien,' vol. vii. 1854, 
p. 71, pi. xxviii. figs. 4, 5. 

Some of the modifications of this species consist 
of a long sinuous series of adherent segments, whilst 
some aUied forms are monothalamous. The figure 
given here is from an intermediate type of shell, and 
appears to be constructed chiefly of coral sand. The 
test is usually seen with a spiral commencement, 
afterwards running off into a linear series. Some of 
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the published figures of this species undoubtedly 
represent other types of shell structure, as Nubecu- 
lariay for certain authors have not recognised these 
differential characters of the foraminiferal test. 

P. cenomana is said to have occurred in the 
Lower Lias marls of the West of France. It 
occurs with some frequency in the Upper Jurassic 
strata ; again in the Gault and Upper Greensand, 
and later in certain Tertiary deposits, though rarely. 
It is, at the present day, most usual in shallow 
water. (Plate 7, fig. E.) 

Genus Crithio?iina, Goes. 

Walls of test generally thick, composed of fine 
arenaceous mud. Normally attached. The interior 
a simple cavity, or divided by irregular, sometimes 
by radial, septa. Contour hemispherical, sublen- 
ticular, or depressed. Apertures few and indistinct. 

On account of the septate interior of several 
species of this genus it is here regarded as one of 
the nou-labyrinthic Lituolid.e. Recent. 

'EiXA^vhE.— Crithionin(t maminillaj Goes, 'Kongl. 
Svenska Vetenskaps-Akad. Handlingar,' vol. xxv. 
No. 9, 1894, p. 15, pi. iii. figs. 34-36. 

Usually adherent, subglobose, somewhat smooth. 
Walls thick and spongy. Central chamber sub- 
spherical, having a diameter equal to the thickness 
of the walls ; undivided. Apertures few and small. 
Constructed of fine detrital and argillaceous material. 
])r. Goes found his specimens in the Skagerack at a 
depth of 67 fathoms. It has since been recorded by 
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Millet from the Malay Archipelago. (Plate 7, figs- 

Genus Verrucinay Goes. 

Test adherent, constructed of agglutinated sand, 
divided in the interior into a few more or less regular 
chambers, having an outlet in the sunken apex of the 
test. Recent. 

Example. — F. rudis^ Goes, ' Bull. Mus. Comp. 
Zool. Harvard,' vol. xxix. No. 1, part xx. 1896, p. 25, 
pi. i. figs. 15, 16. 

The shape of the test is irregularly ovoid, 
adherent, wath a rough surface. The sunken top 
carries the irregular apertures, communicating with 
the septate interior. Found by Goes in the Pacific, 
at a depth of 772 fathoms. Becent (Plate 7, 
fig. G.) 

Division B. — Series with Labyrinthic Chambers. 

Genus Hajplostiche^ Keuss. 

Test free, uniserial, straight, or arcuate; never 
spiral. Chambers labyrinthic. Aperture terminal; 
porous or dendritic, rarely simple. 

Example. — H. Soldaniiy Jones and Parker sp. 
(Lituola), * Quart. Joum. Geol. Soc' vol. xvi. 1860, 
p. 307, No. 184 ; Brady, ' Kep. " Chall.'' ' vol. ix. 1884, 
p. 318, pi. xxxii. figs. 12-18. 

This series has an elongate, subcyhndrical, or 
ovate test, with tapering or rounded ends. Segments 
convex, slightly embracing, subdivided by irregular 
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secondary septa. Sometimes measures as much as 
^jf inch (7-6 mm.) 

This striking form is frequently found in dredgings 
from the West Indies and the Pacific, among other 
localities. It ranges in depth from about 40 to 
435 fathoms. As a fossil it first occurs in the Mio- 
cene. Miocene to Recent. (Plate 7, figs. H, h.) 

Genus Litiwla^ Lamabck. 

Test free, partially or entirely spiral ; nautiloid or 
crozier-shaped. Carboniferous to Recent. 

Example. — L. ^)Zac^;/iz/Za, Chapman, 'Ann. Mag. 
Nat. Hist.' ser. 7, vol. iii. 1899, p. 64, figs. 2a, 6. 

Test complanate, irregularly suboval; composed 
of coarse arenaceous particles with much cement of 
a finer sandy nature. Interior labyrinthic. The 
general aspect of the test shows this form to have 
had a spiral, but the separate segments are obscure. 
Cretaceous {Cambridge Greenland). (Plate 7, fig. I.) 

Genus Bdelloidina, Carter. 

Test adherent ; chambers linear, vermiform, ap- 
proximated, intercommunicating by a row of pores 
seen on each septal face. Cretaceous^ Recent. 

Example. — B. aggregata^ Carter, ' Ann. Mag. Nat. 
Hist.' ser. 4, vol. xix. 1877, p. 201, pi. xiii. figs. 1-8. 

This is apparently the only species of the above 
genus. The test is generally constructed of coarse 
calcareous sand, the exterior of the shell being rough, 
the internal surface smooth. With the exception of 
one fine example met with in the Chalk this form is 



THE FAMILY LITUOLID^ 143 

almost confined to recent deposits, usually in the 
neighbourhood of coral reefs. Its range in depth is 
from 26 to 63 fathoms. (Plate 7, fig. I.) 

Genus Haddoniay Chapman. 

Test calcareo-arenaceous ; adherent and sinuous ; 
the commencement sometimes straight, sometimes 
spiral. Chambers linear and narrower in the line of 
growth than laterally. Sutures roughly parallel, but 
sometimes quite irregular. Chambers imperfectly 
septate or coarsely labyrinthic. Shell- wall per- 
forated by a series of coarse pores. Aperture a 
<jrescentic or horseshoe-shaped slit. 

Example. — H. torresuiisis^ Chapman, ' Journ. Linn. 
Soc. Lond., Zoology,' vol. xxvi. 1898, p. 454, pi. xxviii. 
This species was originally found in abundance 
affixed to a mass of rough coral rock from Torres 
Strait. It has since occurred in considerable numbers 
from the reef of the Funafuti atoll. The colour of 
the shell- wall is from whitish to cream colour or pale 
brown; the breadth of the chambers about twice 
their height, here and there subdivided obliquely, 
somewhat in the manner of Textiilaria, but very 
irregularly, the general plan being a moniliform 
series of segments. Aperture usually crescent-shaped, 
sometimes gaping, but more often having a valvular 
flap, formed by a prolongation of the superior surface 
of the test, which nearly closes up the orifice, as in 
Valvulina and certain of the Miliolince. Recent. 
<Plate 7, fig. K.) 
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EXPLANATION OF PLATE 7. 

Fio. 

A. Reophax difflugiformU, Brady. » 50. 

B. R. 8corpiuru8, Montfort (after Brady), x 15. 

C. Haplophragmium Humboldti, Reass (after Hantken). x 18. 

D. H, nonioninoideSy Reuss (after ChapmaD). x 80. 

E. Placopsilina cenomana, D'Orbigny (after Brady), x 30. 
F,/. Crithionina mammilla. Goes, x 11. 

G. Verrucina rudis. Goes, x 7. 
H, h. Haplostiche Soldanii, Jones and Parker (after Brady), x 10. 
1. Lituola placentula, CheLpmajo.. x 14. 

J. Bdelloidina aggregata. Carter (after M. Wright's drawing). ^^' 
K. Haddonia torresiensis, Chapman, x 5. 
L, L Polyphragma cribrosutn, Reuss (after Pemer). x 8. 




Family IV. LITUOLID.i:. 



THE FAMILY LITUOLID^ 147 



Genus Pohjpliragma^ Keuss. 

Test cylindrical, growing attached by the basal 
extremity; consisting of a line of very short cylin- 
drical segments placed one above the other. Interior 
^f the chambers labyrinthic ; aperture terminal, cri- 
'^^'afce (sieve-like). Cretaceous. 

lExAMPLE. — P. cribrosum, Keuss {Lichenopora)^ 
* V^xsteinerungen der bohm. Kreideformation,' pt. ii. 
1^46, pp. 60, 123, pi. xiv. fig. 10, pi. xxiv. figs. 3-5. 

The above species was found in the chalk forma- 

^^^H of Bohemia by Keuss, and later by Perner in 

^'t^^ Cenomanian of that country. The affinities of 

^•^^ genus towards the semi-labyrinthic forms of 

^<ij)lophragmium are seen in the internal structure 

^t the segments as revealed by thin sections of the 

^^st, as well as by the nature of the septal face, which 

^s cribrate, as in Haplophragmium irregulare. The 

species is found adherent to shells and Cidaris spines. 

Steinmann has referred this genus to the group of 

the pharetrone sponges, but the minute structure of 

the walls of the organism does not support this view. 

Cretaceous. (Plate 7, figs. L, I.) 

Sub-family 2. Trochamminin^. 

Test thin ; composed of minute sand-grains in- 
corporated with calcareous or other inorganic cement, 
or embedded in a chitinous membrane ; exterior 
smooth, often poKshed ; interior smooth or (rarely) 
reticulated ; chambers never labyrinthic. 

l2 
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Genus Thuramminay Brady. 

Test usually monothalamous, inflated or com- 
pressed, with apertures situated at the summits of 
surface mammilhe. Jurassic to Recent. 

Example. — 2\ papiUata^ Brady, * Quart. Joum. 
Micr. Sci.' vol. xix. X.S. 1879, p. 45, pi. v. figs. 
4-8. 

The variabiUty shown in this species is ven* 
great, the characteristic papilla? being in some speci- 
mens few, in others verj" numerous, and imparting 
quite a rugose appearance to the test. The interior 
is sometimes occupied by another globular chamber, 
after the manner of Orbulina, with which form it 
presents some points of isomorphism. It is a deep or 
moderately deep water species. The geological range 
of T. papiUdtd connnences with the Jurassic beds of 
Switzerland, in which they were discovered by 
Haeusler. Jfini.ssic /o Recent. (Plate 8, fig. A.) 

The sub-genus Thurainminopsis was established 
by Haeusler for certain types of Jurassic Foraminifera 
allied to the above genus, but which are much more 
irregular in growth and consist of a multiple series 
of chambers, on the internal walls of which a sj'steui 
of tube-like ridges are apparent. The external sur- 
faces of the test are papillate, especially at the 
irregular outgrowths, after the manner of the typical 
Tliurammina, Thuramininopsis canalicidata was de- 
scribed by Haeusler from the sponge beds of the 
Jurassic ' Transversarius ' zone of Aargau, Switzer- 
land (' Xeues Jahrbuch,' 1883, vol. ii. p. 69, pi. iv.) 
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Genus Hippocrepina^ Pakkek. 

Test monothalainous, elongate ; broad and rounded 
at one end, tapering to a point at the other ; aperture 
large, curved or irregular. Beceiit. 

Example. — H. indivisa^ Parker (in Dawson's 
paper), ' Canad. Nat.' N.S. vol. v. 1870, pp. 176, 180, 
fig. 2. 

This interesting little species is the only form in 
the genus. It is recognised by its finely sandy tex- 
ture, the thin test, and undivided interior. The root- 
like test bears a somewhat crescentic or horseshoe- 
shaped opening at the broad end, and surrounded by 
a thickened rim. The species is entirely confined to 
northern seas of high latitudes. It has been found at 
the mouth of the Kiver St. Lawrence, 16-20 fathoms, 
by Dr. G. M. Dawson ; oflE Greenland in 10 and 13 
fathoms by Norman and Goes ; and at Novaya 
Zemlaia, 10-15 fathoms, by Brady. Becent. (Plate 8, 
figs. B, b.) 

Genus Hormosina^ Brady. 

Test free, consisting sometimes of one chamber, 
but more often of a series of chambers, which are 
subglobular, fusiform, or pyriform, joined in a single 
straight or arcuate series. Walls thin, smooth ex- 
ternally ; texture finely arenaceous ; coloured vari- 
ously yellow or brown. Becent. 

Example. — H. ovicula, Brady, * Quart. Joum. 
Micr. Sci.' vol. xix. N.S. 1879, p. 61, pi. iv. tig. 6. 

The test of this species consists of several fusiform 
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segments fonning a slender monilifomi series. The 
junction of one segment with the other is usually 
marked on the stolon tube by a darker browTi circlet 
around the shell. This species is solely a recent 
form and affects deep water. The ' Challenger * dredg- 
ing yields this species from samples of over 1,000 
fathoms in everj- case. Goes records it from the 
Pacific in shallower water, ranging to 300 fathoms. 
Bn'e7iL (Plate 8, fig. C.) . 

Genus AunnorJ incus, Eeuss. 

Test free, formed of a tube coiled upon itself in 
various ways ; sometimes constricted at intervals, 
but never septate. Carhoniferoiis to Becent, 

Example. — A. 1 ncertu.SjD'Orhignj sp. {Operculina), 
'Foram. Cuba,' 1839, p. 71, pi. vi. figs. 16, 17. 

This, the simplest fonu of the genus, consists of 
a circular tube coiled in piano-spiral fashion. It 
made its first appearance, so far as our knowledge 
goes, in the Carboniferous limestone series, where it 
is sometimes found in great abundance ; and it is 
found with some frequency in nearly all later forma- 
tions. The species is liable to great variation, the 
tube showing various degrees of flattening ; and it 
often tends to depart from the plan of a flat coiled 
shell, and even to bend and twist on itself. The 
structure of the test is always more or less finely 
arenaceous. 

The specimens dredged up from existing sea 
bottoms are often as large as 3 mm. across. A. 
'uicertuH has an extensive range in depth ; Goes 
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found it in the Pacific Ocean from 600 to 1,200 
fathoms, and in the Caribbean Sea and the Gulf 
of Mexico from 200 to 1,800 fathoms. The 
' Challenger ' obtained it from the N. Atlantic from 
450 fathoms and deeper, and from the N. Pacific 
in the very deep area at 3,125 fathoms. It has been 
found as far north as the southern coast of Norway 
and the Faroe Channel. Carboniferous to Becent. 
(Plate 8, fig. D.) 

Genus Trochmyimina^ Parker and Jones. 

Test free, or rarely adherent ; rotaUform, 
nautiloid, or trochoid ; more or less distinctly 
septate. Lower Lias to Recent. 

This genus was subsequently restricted in its 
meaning from the original sense intended by Parker 
and Jones by H. B. Brady, who found it necessary 
to distinguish between the non-septate and the 
septate forms of finely arenaceous Foraminifera. 

Example. — T. Utuiformis^ Brady, ' Quart. Journ. 
Micr. Sci.' vol. xix. N.S. 1879, p. 59, pi. v. fig. 16. 

Test free, crozier-shaped ; consisting of an 
irregularly septate or pseudo-septate tube, spiral at 
its commencement, subsequently linear. 

Other well-known modifications of Trochammina 
are T. sqnamata^ Jones and Parker, isomorphous 
with the thin trochoid Discorhince and T. injlata 
(Montagu), isomorphous with Discorbina rugosa. 

T. litniformis is a recent species only, and was 
found in depths varying from 390 to 900 fathoms. 
(Plate 8, fig. E.) 



152 THE FORAMINIFERA 



Genus Carterina^ Brady. 

Test rotaliform, convex ; normally adherent ; 
with pointed oval calcareous spicules formed by the 
organism itself. Recent. 

Example. — C. sjnadofestaj Carter sp. (Kotaha), 
' Ann. and Mag. Nat. Hist.' ser. 4, vol. xx. 1877, 
p. 470, pi. xvi. . 

This singular little organism is pecuUar in 
being constructed of little spicular bodies secreted by 
the sarcode ; they are arranged somewhat regularly, 
with their long axes in the direction of the peripherical 
margin of the test. The central portion of the test 
is usually a dark purplish brown, the outer chambers 
gradually fading off to white. 

Carter's specimens came from the South Pacific 
and the Gulf of Manaar ; Brady records it from the 
Gulf of Suez at 40 fathoms, and Millett from the 
Malay Archipelago. 

Eecently the writer has obtained the same 
species from the dredgings at Funafuti, where it 
occurs outside the reef at 3G, 50, and GO fathoms, and 
in the lagoon at 19, 20, 25, and 2G fathoms, usually 
attached to Halimeda fronds. Becent. (Plate 8, 
figs. F, /.) 

Genus Wehhina., D'Orbigny. 

Test adherent ; consisting either of a single tent- 
like chamber or of a number of such chambers 
connected by adherent stoloniferous tubes. It is 
isomorphous with the hyaline form Vitrhoehhina. 
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Example. — W. clavata, Jones and Parker sp. 
(Troc7iam7mna)y ^ QusLTt, Journ. Geol. Soc' vol. xvi. 
1860, p. 304 ; Brady, ' Kep. " Chall." ' vol. ix. 1884, 
p. 349, pi. xli. figs. 12-16. 

This simply constructed organism is found 
attached to shells or stones, sometimes at great 
depths. Parker and Jones record its occurrence in 
the Mediterranean at depths from 90 to 1,700 
fathoms. It is also fairly well distributed in the 
various oceanic deposits. Recent. (Plate 8, fig. G.) 



Sub'famill/ 3. ENDOTHYRINiE. 

Test more calcareous and less sandy than in the 
other groups of the Lituolid.e ; sometimes perforate ; 
septation usually distinct. 

Genus NodosiiteUa, Brady. 

# 

Test free, straight, arcuate, or crooked, never 
spiral ; formed either of a tube constricted at 
intervals or of a single series of segments variously 
combined. Test arenaceous, often smooth exter- 
nally, imperforate, but sometimes having pustulate 
orifices at various points on the surface. Wall of 
test thick, with a labyrinthic structure. Aperture 
variable, simple or compound. Carhoniferaus to 
JRhcetic. 

Example. — N. cylindrical Brady, * Monograph 
Garb, and Perm. Foram.' (Pal. Soc), 1876, p. 104, pi. 
vii. figs. 4-7. 
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These curious little fossils are mostly found in 
washings from the rotten Carboniferous limestone. 
Brady compares them with Botellinaj from -which, 
however, they differ in the finer arenaceous structure 
of the test. Carhoniferoufi. (Plate 8, fig. H.) 



Genus Sfachcia, Brady. 

Test adherent or free; composed of numerous 
segments subdivided in their interior, or of an 
acervuline mass of chamberlets, sometimes arranged 
in layers, sometimes confused, or of a thick- walled 
test with acervuline or labyrinthic structure, and 
with the interior subdivided into numerous elongate 
sinuous cavities (the latter characters especially 
applying to fossils of the genus from the Rhfetic). 
Apertures simple but irregular, terminal, or scattered 
over the surface of the test. Texture subarenaceous, 
composed of fine sand, sometimes admixed with 
coarser material, and with a calcareous or chitinous 
cement ; imperforate. Silurian to Lias. 

Example. — >S. congcfita^ Brady, * Monogr. Carb. 
and Perm. Foram.' (Pol. Soc), 1876, p. 117, pi. ix. 
figs. 1-5. 

Of the many different modifications of this genus 
the above species is taken as a simple example. It 
is typically adherent, and usually grows round 
certain objects of attachment. The areolation of 
the shell structure and its method of growth caused 
Dr. Brady to compare this species with the isomor- 
phous hyaline form Gf/])sina inhcerens. Brady's 
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examples came from the Carboniferous limestone of 
England and Scotland. The author has described 
the same form from the Rhaetic of Somerset. 
Carhoniferous. Rlicetic. (Plate 8, fig. M.) 



Genus Irivolutina^ Tehquem. 

Test discoidal to conical ; consisting of a coiled 
tube wound spirally either in a plane or to form a 
hollow cone. When conical the hollow inferior 
surface is filled in with exogenous shell-growth ; 
when discoidal both surfaces are thickened with 
exogenous tubercles. The tube is sometimes 
partitioned at intervals by incomplete septa. Aper- 
ture circular or slit-like. Shell- wall more or less 
perforate. Jurassic. 

Example. — I. Beviesiana^ Chapman, * Journ. 
Linn. Soc. Lond., Zool.' vol. xxviii. 1900, p. 29, pi. 
5, figs. 5, a—c. 

This form has a conical test, depressed, and 
consisting of a simple coiled tube of about five 
whorls; the sutures distinct. The inferior surface 
is slightly convex, and covered with papilla? of 
exogenous shell growth, excepting the last whorl, 
which is marked on the periphery with distinct 
furrows at right angles to the edge. The test is 
finely perforate on the inner parts of the tubes, and 
calcareo-arenaceous on the outer. The aperture 
opens on the inferior side of the test. Upper 
Jurassic (Tithonian), of Nesselsdorf, Austria. (Plate 
8, figs. 1, ?, i'.) 
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Genus Orhitolina^ D'Orbigny. 

Test conical, more or less depressed, consisting 
of an external series of annular or more rarely 
spiral chambers, divided into chamberlets ; also a 
central aggregation of compressed chamberlets, in 
which the partitions are either labyrinthic or arranged 
in tiers. Base of cone usually excavate. Shell-wall 
fairly stout, and subarenaceous in texture. Lower 
and Upper Cretaceous. 

A very flat and explanate type of this genus is 
the Ci/clolina cretacea of D'Orbigny. 

Example. —0. coucava^ Lamarck sp. 

This is one of the largest species of the genus, 
often reaching a diameter of 2 centimetres. The 
external layer of chambers are in this form arranged 
in an annular series, and the central group of 
chamberlets are more or less acervuline. Ceno- 
manian. (Plate 8, figs. J, j.) 

Genus Conulitea^ Carter. 

Test conical, usually steep, the height being 
greater than the width at the base. The external 
series commences with a distinct spiral, which either 
continues to the last coil or subsequently gives place 
to an annular arrangement. The external chamber- 
lets, into which the chambers are divided, are 
separated by straight partitions forming rectangular 
cells, and the chamberlets themselves are partially 
divided by one to three short dissepiments. The 
internal portion of the test is divided into curved 
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floorsj and subdivided by secondary labyrinthic 
partitions. Eocene. (?) Lower Miocene. 

Example. — C. cegyptieusis^ Chapman, ' Geol. 
Mag.,' N.S., Decade 4, vol. vii. 1900, p. 11, pi. ii. 
figs. 1-3. 

Test conoidal, in vertical section nearly equi- 
lateral, the two sides sUghtly convex, straight, or 
incurved in the middle of the test ; base circular in 
outline, and with a slightly convex surface ; peripheral 
edge rounded. The base of the test, the homologue 
of the septal face, is finely porous, or perforate. 
(?) Lower Miocene of Egypt; constituting a large 
proportion of a limestone. (Plate 8, figs. K, l\) 

Genus Endothjra, Phillips. 

Test polythalamous ; nautiloid or rot aliform ; 
aperture simple, situated at the inner margin of the 
final chamber. CarhoniferouH to Trias. 

Example. — E. Boivmani, Phillips, *Proc. Geol. 
Tech. Soc.,' West Eiding, Yorks, vol. ii. 1845, 
p. 279, pL vii. fig. 1. 

Test depressed, usually consisting of two or three 
obUque convolutions, of which but little more than 
the last is visible on the exterior. Margin thick, 
rounded, lobulate ; septal lines depressed. Segments 
inflated ; variable in number, usually from seven to 
ten in each whorl. Aperture single, simple. 

This species is usually the chief foraminiferal 
constituent of the Endothyra limestones often met 
with in England, Wales, Scotland, Ireland, the 
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Caucasus, and Indiana. Carboniferous. (Plate 8, 
figs. L, /.) 

The sub-genus Bradyina^ Moller, is distinguished 
from Endotliyra {typica) in having a crescentio series 
of pores on the septal face of the last chamber, as 
well as a series of pores in the septal depressions of 
the shell. 

Example. — Brady ina miutiliformis^ Moller, ^ Mem. 
Ac. Imp. Sci. St.-P6tersbourg,' ser. 7, vol. xxv. No. 9, 
1878, p. 83, pi. iii. figs. Aa-d ; pi. x. fig. 3a, 6. Car- 
boniferous. 

The sub-genus CribrospirayMollei, is distinguished 
by the cribrate orifices on the septal face of the 
shell. 

Example. — Cribrospira Panderiy Moller, ibid. 
1878, p. 87, pi. iv. figs, la-c ; pi. x. figs, la, b. Car- 
boniferous. 

Sub'faviily 4. Loftusiin^e. 

Test of relatively large size ; lenticular, spherical 
or fusiform ; constructed either on a spiral plan or 
in concentric layers, the chamber cavities occupied 
to a large extent by the excessive development of 
the finely arenaceous cancellated walls. 

Genus Cyclammitia^ Brady. 

Test spiral, nautiloid ; lenticular or subglobular ; 
smooth externally ; chambers numerous, involute. 
Pliocene and Becent. 

Example. — C. cancellata^ Brady, ' Quart. Joum. 
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Micr. Sci.' vol. xix. N.S. 1879, p. 62 ; ' Rep. " Chall." ' 
vol. ix. 1884, p. 361, pi. xxxvii. figs. 8-16. 

This is a large compressed form, with slightly 
sinuous suture lines and rounded peripheral edge. The 
internal structure of the first chambers is entirely can- 
cellated. The apertures on the septal face consist of a 
number of pores communicating with the labyrinthic 
interior. In recent gatherings this species extends from 
75 to 2,900 fathoms. Goes found it in the Pacific at 
depths from 660 to 995 fathoms ; and in the 
Caribbean Sea from 196 to 1,830 fathoms. Pliocene 
and Recent. (Plate 8, figs. N, n.) 

Genus Loftusia^ Brady. 

Test of large size, spiral ; elongated in the 
direction of the axis of convolution ; fusiform or 
elliptical; resembling Alveolina in contour. 

Example. — L. persica^ Carpenter and Brady, 
' Phil. Trans.' 1869, p. 739, pis. Ixvii.-lxxx. 

There can be little doubt, after a careful 
examination of the minute structure of this fossil, 
that we are dealing with a Foraminiferon rather than 
a Hydrozoon. The construction of the test agrees 
in every way with Alveolina and Fusulituij and the 
labyrinthic character of its walls proclaims its 
affinities with Cyclammina. Tertiary^ Persia. (Plate 
8, figs. 0, 0.) 
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EXPLANATION OF PLATE 8. 

Fio. 

A. Thitrainmina papillatay Brady, x 15. 

]i, h. Hippocrepina indivisa, Parker (after Brady) : 6, = oral a8[)ect. 
X 20. 

C. Hormosina cnncula^ Brady, x H. 

1). AmmodiscuH incertusj D'Orbigny sp. x 26. 

E. Trochanimina lituiformU^ Brady, x 14. 

F, /. Carterina spiculotesta. Carter (after Brady) : F = superior 
aspect X oO ; / = a fragment of test x 1(X). 

G. Wcbhina clavata, Parker and Jones sp. (after Goes), x 20. 

H. Nodosinclla cylindrica, Brady. ■ 15. 

I, /', /'. Involutlnu Remcaiana, Chapman; I = superior surface; i = 
inferior, granulate, surface ; i' = median, vertical section of 
test. X 15. 

J, 7. Orhltolina coiicavay Lamarck sp.: J - superior aspect ; j = vertical 
section through the test. Natural size. 

K, /.-. CoiniUtes (CijypiieiiHia^ Chapman sp. : K = superior aspect; 
A- = vertical section through the test, x 2J. 

L. /. Endothyra Bowmani, Phillips (after Brady): Z = peripheral 
aspect. X 25. 

]\L Stachcla congrsta, Brady, x 25. 

X, //. Cyclnmmina ranreUata, Brady: X= lateral aspect; 7i= peri- 
pheral aspect. A 9. 

(), o. LoftuHia pcraica, Brady and Carpenter : O = natural appearance, 
cut to show internal structure; o = central portion in trans- 
verse section, showing the labyrinthic shell- wall and arrange- 
ment of the primary chambers, x 4. 




Familv IV. LITL'Or-IU,E {roitrladed). 
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CHAPTER XI 
THE FAMILY TEXTULARIID^ 

this family the usual texture of the test is 
Qaceous ; but this is by no means a rule, for nearly 
the smaller species are hyaline, and in some cases 
5 type of shell-structure is typical of an entire 

lUS. 

The relationships of the various types constituting 
5 family are very apparent from the fact that the 
meeting links are numerous, and the plans of 
wth, though diverse, are of definite conformation. 
3 general plans on which the shells are constructed 

either as a double series of segments placed 
ornately in relation to each other, and in the same 
ue of growth, or as a triserial group of segments ; 
certain genera the double or triple series is spi- 
y twisted ; in others the arrangement is confused. 
3re is also a tendency for certain forms to take 

at different stages, diverse lines of growth, 
ally from the more complex to the simpler ; as, 
example, Bigenerhia., which begins with a biserial 
mgement followed by a uni serial set of segments ; 
Olavuluia, which is at first triserial and afterwards 
serial. 

The sub-family of the Textulaiuin.e consists of 
•se forms which are either biserial or triserial, and 

m2 
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which exhibit a saccession of segments joined together 
in a regular manner. There are modifications of these 
fundamental tj^pes in which two or even three plans 
of growth are seen (bimorphous and trimorphous 
fonns). 

The larger species are arenaceous, the smaller 
ones usually hyaline, and conspicuously perforate. 

The sub-family Bulimxin^ includes types of 
shell-structure which may be either triserial or 
biserial, but spirally wound round the axis of growth. 
The attenuated and feebly developed species are 
usually biserial in arrangement, sometimes twisted, 
sometimes not, but differing in other points when 
compared with the typical textularid shell, as, for 
example, in the position and shape of the aperture. 

The most complex of the textularid forms are 
grouped together in the next sub-family, the 
Casbidulixinm!:. Here the plan of growth may be 
explained by imagining a T est ul aria coiled upon 
itself, as in CaHHidulina. A modification of this 
plan is seen in Ehrenher(/ina, in which the shell is 
partly unrolled, as it were ; and consequently shows 
a convex dorsal surface and a concave side contain- 
ing the early spiral portion. The test in this group 
in all cases is hyaline, and usually surface-polished. 

• 
Suh-famibj 1. Textularun.e. 

Test having a biserial or triserial arrangement of 
chambers. Sometimes bimorphous or even tri- 
morphous. 



THE FAMILY TEXTULAKIID^ 165 



Genus Textularia^ Defrance. 

Segments in two rows alternating with each 
other ; normal aperture an arched slit at the base of 
the inner wall of the last segment. Cambrian to 
Hecent. 

This genus is very important as a foramirii- 
feral type. Its distribution through almost all the 
principal fossiliferous rocks is very striking, there 
being hardly an instance of a foraminiferal fauna 
without some representatives of the genus. . 

Examples. — T. rngosa^ Keuss sp. (Plecaniuin), 
* Sitzungsberichte d. k. Ak. Wiss. Wien,' vol. lix. 
1869, p. 453, pi. i. fig. 3 a, h. 

This species is easily recognised by the imbricated 
appearance of the suture lines. It is at the present 
day a familiar coral-reef species, and attains to quite 
a large size. The writer has recently found speci- 
mens dredged at Funafuti, in the Pacific, measuring 
as much as 5 mm. in length. It is very rarely 
found in deeper water than 30 fathoms. Oligocene 
to Recent. (Plate 9, fig. A.) 

T. complaiiata^ Reuss sp. {Proroporus)^ 'Sitzungsb. 
d. k. Ak. Wiss. Wien,' vol. xl. 1860, pi. 231, pi. xii. 
figs. 5 a, h. 

The flattened, complanate textularians have a 
somew^hat modified aperture, which in this particular 
form appears as a circular aperture placed on a slight 
prolongation of the upper margin of the last chamber. 
T. complaimta is a very restricted species as to age, 
for it has only been recorded from Cretaceous beds, 
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in Germany and England, of about the period of the 
Gault. (Plate 9, fig. B.) 

Gexus Cuneolina^ D'Orbigny. 

Test textularian, complanate; compressed in a 
direction at right angles to the normal plane, so that 
the two alternating series of segments appear on the 
narrow lateral edges. Cretaceous, 

Example. — C. pavonia, D'Orbignj^ ^Foram. Foss. 
Vienne,' 1840, p. 258, pi. xxi. figs. 50-52. 

This interesting species is the sole representative 
of thit genus, and was described by D'Orbigny from 
the Lower Chalk, near the mouth of the Charente. 
Although tlu* arrangement of the segments is dis- 
tinctly textuhirian, the aperture, instead of being 
slitlik(», as we might expect, is represented by a row 
of pores at the junction of the penultimate and 
last segments. It is not unusual, how^ever, in 
other genera to find the same type exhibiting a 
diversity of character in this respect. For example, 
in the genus Pcneroplis some of the forms which 
are complanate have a similar row of pores on the 
apertural plane, whilst the stouter kinds have a slit- 
like or branching orifice. 

Gknus VcrneniJhia^ D'Orbigny. 

Test triserial, with a textularian aperture. Lower 
CretdceoKH to llcccnt. 

Example. — V. spifiulosa^ Iteuss, ' Denkschrift d. 
k. Ak. W'iss. Wien,' vol. i. 1849, p. 347, pi. xlvii. 
figs, rj (i-c. 
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The triserial arrangement of the segments is very 
clearly seen in this species. The angles of the 
segments fonning the salient edges of the test 
are prolonged by exogenous shell growth into spines, 
which in specimens from clean and well-preserved 
dredgings are sometimes of considerable length and 
delicacy. Besides being found in the Chalk this 
species is frequent in many succeeding formations, as, 
for instance, the Miocene of Austria, Bavaria, and 
Malta, the Pliocene of Italy, and others of still later 
age. By its occurrence in recent dredgings we find 
it is most at home in depths of less than 100 fathoms. 
(Plate 9, fig. D.) 

Genus Tritaxia^ Keuss. 

Test triserial, sometimes dimorphous, with a 
simple produced central aperture. Lower Cretaceous 
to liecent. 

Example. — 2\ tricarinaia^ Reuss, ' Verstein. 
bohm. Kreideform.' pt. i. 1845, p. 39, pi. viii. 
fig. 60. 

This typically Cretaceous form is still represented 
very sparingly in our present seas. It was an 
abundant fonn in Upper Cretaceous times, and is 
most characteristic of the Lower Greensand, the 
Upper Gault, and the Chalk-Marl in England. 
Lower Cretaceous to Becent. (Plate 9, tig. E.) 

Genus Chrysalidiua^ D'Orbigny. 

Test triserial (sometimes dimorphous — that is to 
say, triserial at commencement and afterwards 
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uniserial), with a porous septal face. Cretdceous. 
liecent. 

Example. — C. dimorpha^ Brady, ' Kep. " Chall.'' ' 
vol. iv. 1884, p. 388, pi. xlvi. figs. 20, 21. 

This is a particularly interesting species, on 
account of the dimorphous arrangement of its seg- 
ments, which at first are triserial, as in Verneuilina, 
and afterwards uniserial, as in the later segments of 
Clavulina. It is confined to fairly shallow water in 
tropical areas, liecent. (Plate 9, fig. F.) 

DiMOKPHOUs {Textularian) Forms. 

Genus Bigenerina, D'Orbigny. 

Early chambers textularian ; later chambers 
uniserial and rectilinear. Carboniferous to liecent. 

Example. — B.capreolus^ D'Orbigny sp. {Vulvulbw)^ 
' Ann. Sci. Nat.' vol. vii. 1826, No. 1, pi. xi. figs. 6, 6 ; 
module, No. 59. 

An arenaceous species distinguished by its com- 
pressed textularian commencement. Only the last 
chamber or so in this species is simple, and associated 
specimens are often found with only the textularian 
portion developed. It first made its appearance in 
Lower Tertiary times, and it was an abundant form on 
the London Clay sea floor, where Piccadilly now 
stands. In recent soundings the * Challenger ' ob- 
tained B. cayreohiH from 850 to 675 fathoms in the 
N. and S. x\tlantic. Goes obtained it from the 
Caribbean Sea at 300 fathoms. Tertiary. Becent. 
(Plate 9, fig. G.) 
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Sub-genus SijjJiogenerinay Schlumberger. 

Test either arenaceous or hyaline, and in no 
essential particular differing from Bigenerina exter- 
nally, excepting in the position of the aperture ; 
internally the uniserial chambers are connected by a 
siphon or tube. 

Example. — B, {Sipliogenerina) Hclilumhergeri^ 
Millett, ' Journ. Roy. Micr. Soc' 1900, p. 7, pi. i. 
figs. f5, 6. 

The thin hyaline test of this species shows, when 
mounted in a transparent medium, the internal 
siphonate tube which connects the chambers of the 
later series. Millett records this species as being 
very common in the Malay Archipelago. (Plate 9, 
fig. H.) 

Genus Pavoni?ia, D'Orbigny. 

Early chambers small and textularian, later cham- 
bers broadly arched and uniserial, forming a fan- 
shaped test ; aperture porous. Becent. 

Example. — P. flcibellifonnU, D'Orbigny, *Ann. 
Sci. Nat.' vol. vii. 1826, p. 2G0, No. 1, pi. x. figs. 
10, 11 ; modele. No. 56. 

This is the only species of the genus. It is a very 
handsome but rare form. The principal localities 
where it has been found are the West Indies, Mada- 
gascar, the Seychelle Islands, the Mauritius, Ceylon, 
Torres Strait, Malay Archipelago, Cocos Island, hA- 
miralty Islands, Honolulu, and the coast of Korea. 
It inhabits fairly shallow water. (Plate 9, fig. I.) 
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Genus Spiroplectay Ehbenbebg. 

Early segments planospiral, later ones textulariau, 
uniserial in the latest. Lower Cretaceous to Recent. 

Example. — S. annectensj Parker and Jones sp. 
{Textularia), ' Ann. and Mag. Nat. Hist.' ser. 3, 
vol. xi. 1863, p. 92, woodcut, fig. 1. 

This elegant species is more regularly formed in 
the recent examples from Torres Strait and else- 
where than in the Gault specimens ; the latter con- 
sist of fewer chambers, and there is also a tendency 
for the test to run into the uniserial condition in extra 
long specimens. Lotver Cretaceous to Recent. (Plate 
9, fig. J.) 

Genus Gaudryina^ D'Orbigny. 

Early segments triserial (verneuiline) , later ones 
textularian ; aperture either slithke, as in Textularia^ 
or an orifice situated on a short tenninal neck. 
L. Cretaceous to Recent. 

Example. — G. riujosa^ D'Orbigny, ' Mem. Soc. 
Geol. Franco,' vol. iv. 1840, p. 44, pi. iv. figs. 20, 21. 

This species is distinguished by the acutely 
angular commencement of the test. Other species 
have the aboral end more rounded, and consequently 
the triserial beginning is more difficult to distinguish. 
The recent specimens are, as a rule, more coarsely 
arenaceous than those from the Cretaceous and 
Tertiary strata. It inhabits fairly shallow water. 
Cretaceous to Recent. (Plate 9, tig. K.) 
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Genus Valvnlina, D'Orbigny. 

Test not dimorphous, spiral, typically triserial, 
with three segments or rarely more in each convolu- 
tion ; free or adherent ; aperture partially covered by 
a valvular lip. Carboniferous to Recent. 

Example. — V. j^^l^otrochusy Ehrenberg sp. (Tetra- 
taxis and Textilaria)^ ' Mikrogeologie,' 1854, pi. xxxvii. 
par. xi. figs. A\ 1-4. 

The valvular aperture pertaining to the genus is 
well seen in the above species. In contour it 
resembles V.conica^hni the test is largely calcareous, 
and the chambers more numerous and compressed. 
Carboniferous. 



Dimorphous {Valvuline) Form. 

Genus Clavulina, D'Orbigny. 

Early segments triserial (valvuline), later ones 
uniserial and rectilinear ; test generally either cyUn- 
drical or trifacial ; aperture valvular. Eocene to 
Becent. 

Example. — C. communis^ D'Orbigny, 'Ann. Sci. 
Nat.' vol. vii. 1826, p. 268, No. 4. 

This species is well distributed through the princi- 
pal Tertiary strata. It is found in fairly deep water 
at the present day. Goes records it as occurring 
from 700 to 1,400 fathoms in the Pacific, and from 
20 to 1,800 fathoms in the Caribbean Sea. Eocene 
to Becent, (Plate 9, tigs. M, vi,) 
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Huh'faviily 2. BuLiMiNiNiE. 

Test typically spiral, the weaker forms tending to 
become biserial ; aperture oblique, twisted, and 
comma-shaped. 

Genus BuUmimij D'Orbigny. 

Test spiral, elongate, more or less tapering ; often 
triserial. Jurassic to llecent. 

Example. — B. Presli, Reuss, ' Verstein. bohm. 
Kreidef.' pt. i. 1845, p. 38, pi. xiii. fig. 72. 

The Cretaceous deposits furnish us with some of 
the most characteristic species of the genus, and the 
present one, found in the Gault and Lower Chalk, is 
taken as a typical example. These forms are mainly 
arenaceous in shell-structure, and for this group 
Eeuss proposed the name AtaxophragmuiDi. It is 
diflicult in practice, however, to separate the two 
series according to the structure of the shell, as they 
undoubtedly assume the different characters accord- 
ing to their surroundings. Cretaceous. (Plate 9, 

fig. X.) 

(tents Virfjulhia, D'Okbigny. 

Test much elongated, more or less tapering ; 
often triserial. LouH'r (Jretaceous to Becent, 

Example. --F. Hchreihersiana^ Czjzek, 'Haidinger's 
naturw. Abhandl.' vol. ii. 1847, p. 147, pi. xiii. 
figs. 18-21. 

This species shows the tendency of this particular 
type to assume the textularian arrangement of its 
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segments. In deposits forming at the present time 
it is not restricted in its depth. Miocene to Becent. 
(Plate 9, fig. 0.) 

Genus Bifarina^ Parker and Jones. 

This is a dimorphous fonn, in which the earlier 
chambers are bulimine or bolivine and the later 
ones uniserial. 

Example. — B. porrecta, Brady sp. (Bolivina), 
' Quart. Journ. Micr. Sci.' X.S. vol. xxi. 1881, p. 57 ; 
' Rep. " Chall." ' vol. ix. 1884, p. 418, pi. lii. fig. 22. 

This is a thin hyaline-shelled species, with more 
or less coarse perforations in the shell-wall. It is 
usually rare in marine dredgings, but was found in 
abundance by Millett in his Malay samples. It is 
never found in very deep water. Becent. (PI. 9, 

fig. p.) 

Genus Bolicina, D'Orhiony. 

Test distinctly biserial, arrangement Textularian. 
L. Cretaceous to Becent. 

Example. — B. textilan'oides, Iteuss, ' Sitzungsb. 
d. k. Ak. Wiss. Wien,' vol. xlvi. 18G2, p. 81, pi. x. 

fig. 1. 

Of the regularly formed, few-chambered Bolivines 
this species may be regarded as a central type. The 
test is usually very finely arenaceous, especially the 
fossil representatives. Its geological distribution 
dates from the Lower Cretaceous period, and it 
appears in many Tertiar// beds. JS. textilarioides 
inhabits shallow or moderately deep water at the 
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present day, and is but rarely found in depths greater 
than 900 or 1,000 fathoms. (Plate 9, fig. Q.) 

Genus Mimosina^ Millett. 

Test typically spiral, conical, or trochoid ; cham- 
bers having a biserial or triserial arrangement. 
Aperture complex, consisting of two distinct orifices, 
one of them usually being a slit at the base of the 
inner wall of the final chamber, the other an opening 
varying in shape and situated near the apex of the 
chamber ; the two orifices frequently connected 
internally by means of a bent tube or septum. Shell- 
w^all cellular or spongy. liecent. 

Example. — M. hysfrix^ Millett, * Joum. Koy. Micr. 
Soc' 1900, p. 549, pi. iv. fig. 14. 

The test of this species is triserial in the earlier 
part, afterwards becoming biserial. Double apertures, 
oval, with a bordered margin. Chambers armed each 
with a spine at the salient margin. Mr. Millett 
found this species in abundance in the Malay Archi- 
pelago, liecent, (Plate 9, fig. K.) 

Genus Pleurostoinella, Keuss. 

Test biserial ; aperture large, usually arched or 
semicircular, with a notch at the middle of the lower 
edge, situated at the top of the nearly erect septal 
face of the last segment. Cretaceous. Recent. 

Example. — P. auhnodosa, Keuss, ' Sitzungsb. d. k. 
Ak. Wiss. Wien,' vol. xl. 1860, p. 204, pi. viii. 
figs. 2a, b. 

The features of this species are the" cyHndrical 
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form, the short oWique sutures, and the rounded 
comniencement. The communication between the 
chambers at their point of junction shows an atte- 
nuated spouted aperture, and this is covered over by 
the hoodlike prolongation formed by the succeeding 
chamber. 

The fossil specimens are found in some abundance 
in the Gault and ChaJk of N. Germany and Bohemia. 
Those from the recent soundings by the * Challenger ' 
occur at considerable depths — namely, 1,375 to 2,350 
fathoms. Cretaceous and Recent. (Plate 9, fig. S.) 

Suh'fainily 3. Cassidulinin.e. 

Test consisting of a Textularia-like series of 
alternating segments, more or less coiled upon itself. 

Genus Cassidulina^ D'Okbigny. 

Test biserial, folded on its long axis, and coiled 
more or less completely on itself ; rarely dimorphous. 
LiOiver Cretaceous to Recent. 

Example. — C. calahra^ Seguenza sp. (Burseolimi), 
' Fonnaz. Terz. Keggio,' 1879, p. 138, pi. xiii. 
tigs. 7rt, 6. 

Our present example is one of the more globose 
of the Cassidulmce, in which the suture lines are 
Hush with the surface of the shell. The test is 
usually of a polished texture. The fossil specimens 
came from Reggio, Calabria. As a recent form 
Cassidulina calahra has been recorded by Dr. H. B. 
Brady from -Raine Islet, Torres Strait, 155 fathoms, 
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EXPLANATION OF PLATE 9. 

Fig. 

A. Textularm rugosa^ Keuss sp. (after Brady), x 18. 

B. T, complanata, Keuss sp. (after Chapman), x 16. 

C. Cuneolina pavoiiia, D'Orbigny. c = peripheral face view, showing 

arrangement of sutnre lines. Magniiied. 

D. Verneuilina ttjnmiloaa, Reuss (after Brady), x 40. 

E. Tntaxia tricar if luto, Keuss (Gault specimen, after Chapman). x24. 

F. Chrysalidina diiiwrpha^ Brady (after Millett). x 30. 

G. Bigencrina capreolus^ D'Orbigny (after Brady), x 10. 

H. B. (Siphogeiierina) Scldumhergeriy Millett. A specimen viewed 
by transmitted light, to show internal arrangement, x 50. 

I. Pavoninaflahelliformis^ D'Orbigny (after Brady), x 80. 

J. Spiroplecta annectens^ Parker and Jones sp. (after Brady), x 40. 

K. Gaudryina rtigosa, D'Orbigny (Tertiary specimen, after Hantken). 
X20. 

L. Valviilifia palcpotrorhuH^ Ehrenberg sp. Carboniferous limestone, 
specimen (after Brady), x 24. 

M. Clavuliva comvinnis, D'Orbigny (after Brady). M, lateral aspect, 
X 30; m, mouth of a larger specimen, x 22. 

N. Bulimina PnsU. Keuss (a Gault specimen, after Chapman). x30. 

O. Virguliyia Schreihcr»iana, Czjzek (after Brady), x 60. 

P. Bifarina porrevUi, Brady sp. (after Millett). x 60. 

Q. Bolivina tcrtilarioidcs, Keuss (after l^rady). x 55. 

K. Mimosina hystrix, Millett. x 50. 

S. PlcurostomcUa subnodosay Keuss (after l^rady). x 37. 

T. Ctissidulina calahra, Soguenza (after Brady), x 37. 

U. C. (Orthoplccta) riavaia, Brady, x 50. 

V. Ehrc7ibergin(i pupa, D'Orbigny (after Brady), x 42, 
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and ofif Kandavu, Fiji Islands, 610 fathoms. The 
writer has recently met with it in the dredgings 
iDade by Prof. David round Funafuti, Ellice Islands, 
at 50 to 60 fathoms. Upper Miocene and Becent. 
(Plate 9, fig. T.) 

SuB-GENUs Orthoplectay Brady. 

In this genus there is no coiling of the test, but 
the segments are otherwise arranged, as in Cassi- 
dulina. It bears the same relation to the type-form 
as Nodosaria does to Cristellaria, Recent. 

Example. — C. {Orthoplecta) clavata^ Brady, * Rep. 
'* ChaU." ' vol. ix. 1884, p. 432, pi. cxiii. fig. 9. 

This interesting but rare form was originally 
found at Nares Harbour, Admiralty Islands, 17 
fathoms. The writer has since obtained it from the 
Funafuti dredgings at 50 to 60 fathoms. Recent. 
(Plate 9, fig. U.) 

Genus Ehrenberginay Reuss. 

Test biserial, broad, arched on the dorsal side; 
general form that of an unfolded and uncoiled Gassi- 
dulina. Lowe?' Cretaceous to Recent. 

Example. — E. jnijya^ D'Orbigny sp. {Cassidulina)^ 
' Foram. Am6r. Merid.' 1839, p. 57, pi. vii. figs. 21-23. 

This is a smooth-tested form of the above genus. 
Other species bear numerous spines as in Miviosinay 
notably Ehrenbergi?ia serrata and E. hystrix. The 
author has recorded it from the Aptian beds of 
Surrey. Lotver Cretaceous to Recent. (Plate 9, fig. V.) 
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CHAPTER XII 
THE FAMILY CHEILOSTOMELLIDiE 

Only four genera are at present included in this 
family — namely, EUipsoidi?ia, Cheilostomellay Sea- 
hrookid^ and AUomorphina. 

The test is always calcareous, usually thin, and 
iini^ly perforate. The segments, of which there are 
ttlways more than one, are arranged either succes- 
sively along an axis, placed alternately to one another 
at either end of the test, or grouped in cycles of three. 
The chambers are always more or less embracing. 
The aperture is either a curved or straight sht at the 
ond or margin of the last segment. 

Possibly the best known genus of this family is 
C/irihK^tomt'lla, in which the chambers are placed 
alternately at either end of the long axis of the test. 
The separate segments are inflated, and the shell- 
walls of the ohaml>ers almost entirely conceal one 
another bv their embn^cimr irrowth. 

In KHip^oulifut the chambers are entirely embrac- 
ii\^, and a solid shelly column runs from the top of 
one chamlvr to the top of the succeeding one. 

Auomorphtf^.i resembles Ckeiloj^tomella in the 
alternation of the position of the chambers^ but the 
arnux^ment is in a cycle of three- 
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Lastly, in Seahrookia^ a form which has been 
discovered within recent years, we have a modified 
Cheilostomella^ in which the chambers are not so 
strongly inflated, and the aperture occupies a position 
at the apex of the shell instead of at the point of 
junction between the two chambers on one side of the 
test. 

The members of this family were first recognised 
in the fossil state, and two of the genera, CheilostO" 
mella and Alloviorphina^ formed the family Crypto- 
stegia of Keuss. 

Genus Ellipsoidina^ Seguexza. 

Test uniaxial, segments oval, each springing from 
the base of the previous one and entirely enveloping 
it ; aperture terminal. Miocene to Post'Tertiary. 

Example. — E. ellipsoides^ var. ohlonga^ Seguenza, 
* Ego Peloritano,' ser. 2, vol. v. 1859, fasc. 9 (13), pL 
— , fig. 4 Gf, 6 ; Brady, ' Quart. Joum. Geol. Soc' 
vol. xliv. 1888, p. 5, pi. i. fig. 1. 

This form, as well as the type species, was origi- 
nally described from specimens out of the Miocene 
strata of Messina. Dr. Brady discovered, since then, 
other examples from the late Tertiary or post-Tertiary 
rocks of the Solomon Islands and from the * Soap- 
stone ' of Fiji. 

The section of the shell shown in fig. a of pi. 10 
gives the position and appearance of the peculiar 
shelly pillar connected with the ends of each succes- 
sive chamber. This genus has not been found iu 
deposits actually forming at the present day. (Plate 
10, figs. A, a.) 
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Genus Cheilostomella^ Reuss. 

Segments oval, placed alternately at either end of 
the test. Aperture a curved sUt, sometimes gaping, 
situated to one side, and at the junction of the 
penultimate and the final chamber. In recent speci- 
mens the test is thin and sparsely perforate ; in fossil 
examples it is thicker and the perforations are 
difficult to make out on the polished shell surface. 
Tertiary {Eoceiie) to Hecent. 

Example. — G. ovoidea, Reuss, 'Denkschr, d. k. 
Ak. Wiss. Wien,' vol. i. 1850, p. 380, pi. xlviii. figs. 
12, a-e. 

The figure of the recent example, reproduced from 
Mr. Millett's drawing, shows the anangement of the 
chambers rather distinctly on the outer shell surface. 
The fossil specimens are as a rule more regularly 
ovoid in outline, save for the apertural portion of the 
shell, which is sometimes salient, or spouted. The 
oldest formation in w^hich this species appears to have 
made its appearance is the Londoii Clay ; and in the 
material from Piccadilly the little egg-shaped tests 
are not uncommon. It is also a characteristic fossil 
in various Oligocene strata in North Germany and 
Austria, in the Miocene of Vienna, and the Miocene 
and Pliocene of Calabria. It is a well-distributed 
form in our existing seas. (Plate 10, fig. B.) 

Genus Seahroohia^ Brady. 

Test free,, hyaline, perforate; composed of a 
number of chambers, each enclosing, partially or 
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entirely, that preceding it ; aperture terminal, alter- 
nately at each end of the test. Becent. 

Example. — S. pellucida^ Brady, ' Joum. R. Micr. 
Soc' 1890, p. 570, figs. 60, 1 a^c, 2 ; Wright, *Proc. 
R. Irish Acad.' ser. 3, vol. i. 1891, p. 476, pi. xx. fig, 5 ; 
Millett, ' Joum. R. Micr. Soc' 1901, p. 3, pi. i. fig. 4. 

The test of this species is oval and depressed, 
with the two sides unequally convex, or sometimes 
almost plano-convex. The aboral end is rounded, 
the oral end somewhat drawn out. The peripheral 
edge is acute or subcarinate, and in large specimens 
serrate. The shell-wall is thin and transparent, 
smooth and finely perforate. Aperture terminal, slit- 
like with a thickened border. 

The original specimens of the above form were 
obtained by Mr. Harris, of Cardifif, from Captain 
Seabrook, who dredged the material in the Java Seas 
oflE Cebu at 120 fathoms. Since then it has been 
obtained ofi Bermudas, 435 fathoms, and from the 
Malay Archipelago. (Plate 10, fig. C.) 

Genus Allomorpliina^ Reuss. 

Segments alternating at three sides, so as to leave 
portions of two, in addition to the final one, exposed. 
Up. Cretaceous. Recent. 

Example. — A. trigonaj Reuss, * Denkschr. k. Ak. 
Wiss. Wien,' vol. i. 1850, p. 380, pi. xlviii. figs. 
14 a-e. 

Most, if not all, of the various so-called species of 
this genus may possibly belong to the one form 
named above. It occurs as a fossil in the Chalk Marl 
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of Lemberg, in Galicia, and it is also distributed 
through various Oligocene and Miocene strata in 
Germany, Austria, and Poland. The living examples 
were found south of Japan, 345 fathoms, and ofi 
Tahiti, 620 fathoms. (Plate 10, fig. D.) 
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CHAPTEK XIII 

THE FAMILY LAGENIDiE 

E simplest type of shell in this family is the mono- 
lamous Lagena^ which is a flask-shaped, sub- 
terical, or flattened chamber with a single orifice. 
B various generic types comprised within this 
lily are the result of a successional growth or bud- 
g of a series of lageniform chambers joined 
ether in various ways and on certain definite plans, 
len, for instance, the chambers are attached in a 
niliform series by their ends, we have a form like 
iosaria ; in a curved series, Margimdina ; in a 
:al series, Cristellaria; in alternating double or 
)le series, Polymorphina^ and so on. 
The type of shell-structure is the hyaline or vitre- 
; the shell- wall is finely perforated and usually 
1. There is no trace of a double shell-wall or double 
tum, as in the Rotaline and Nummuline types 
shell-structure. But although the shell-wall is 
iple in its construction, it is often variously orna- 
nted on the surface with hexagonal meshwork, 
Dng riblets, fine striae, or series of punctations, 
ich, however, do not show the laminar structure 
n in the exogenous shell-growth of the Rotalines 
i other forms of an advanced type. 
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Many of the genera belonging to the family 
Lagenid-e include a large number of known specific 
types, as Noflomriaj containing about 140, and 
(U'iafellaria about 160, well-defined forms. Their dis- 
tribution as a group is very extensive throughout the 
fossiliferous strata of the earth's crust, and some of 
the earliest known types belong to this group of 
vitreous-sh(»lled Forairiinifera. 

The sub-family Lagenin^ includes only one genus, 
fjarjena. This is typically monothalamous and pre- 
sents a great variety of forms, some of which are 
llaKk-shaped,with an extended neck-like orifice (ecto- 
soloiiian), or having an aperture at the end of an 
inverted neck, which is turned into the chamber and 
c()nc(Mil(»d by the shell (entosolenian). Other species, 
again, may have the liask-shaped form, but more or 
less coiiiprossed on two opposite faces, and with the 
nornially circuhir aperture modified and represented 
by a slitlike orifice. In certain forms the orifice is 
triradiate, or even star-shaped (multiradiate). These 
various kinds of apertures are again met with in the 
sueetHHling groups of the Xodosarhn-E and the Poly- 

MOUrniNlN.K. 

The genera which constitute the sub-family of the 
NoPosAKUN.K are very important, on account of their 
iH'currouce in considerable numbers and variety in 
the argilhicoo-oalcareous strata laid down in the seas 
o{ past geological times, such as those of the Lias, the 
Gault, the Chalk, and certain Tertiar}- beds. At the 
present day these Nodosarine forms are met with in 
a few localities in tolerable abundance : but thev seem 
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to have flourished best during the Mesozoic and 

Teriiiary periods. 

The Nodosarines are characterised by a plan of 
successional growth of lageniform chambers joined in 
a nioniliform series and variously modified. In the 
next sub-family, the PoLYMORpmNiN^, the chambers 
are arranged side by side, or wound spirally round a 
common axis of growth. 

The fourth sub-family, the Eamulinin.e, includes 
two genera, which in their early stages show 
affinities towards Polymorphina, but which afterwards 
grow erratically and consist essentially of branching, 
tubular chambers. 



Snb'faviily 1. Lagenin^e. 
Test monothalamous, hyaline, finely perforate. 

Genus Lagenciy Walker and Boys. 

A single-chambered shell, with either an ectoso- 
lenian or an entosolenian orifice ; sometimes disto- 
mous apertures at both ends. Shell-surface either 
smooth or variously decorated with striae, puncta- 
tions, ridges, or polygonal meshwork. Cavihrian to 
Recent. 

Examples. — L. 6*2/ Zca^a, Walker and Jacob, Adams's 
* Essays,' Kanmacher's ed., 1798, p. 634, pi. xiv. 
fig. 5. 

The present example affords one a good idea of 
the typical ectosolenian and flask-shaped Lagena. 
This species and its allies are often met with in the 
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shallow-water sands and dredgings off the coasts of 
the British Islands and elsewhere. The geographical 
distribution of this particular form is very extensive 
in the seas of the present day. It is not confined to 
shallow water, but has a range from the Uttoral zoue 
down to 2,750 fathoms. Silurian to Recent. (Plate 
10. tig. E.) 

L. m<ir;/iiiiitii, AValker and Boys, *Test. llin.' 
17.H-I. p. '2, pi. i. tig. 7. 

Of the compressed varieties of Lagena with an 
t'i\tosi>lt'nian i>ritice tliis present form may be con- 
sidermi typiral. The Hauge-like border or keel varies 
gri'titly in width, and is sometimes so developed that 
it (onus ;in oneiri'ling wing. 

/.. »':.!T-,/.':,jr..'.like the preceding, has an extensive 
i:rtH\!:n»pliic:»l distribution ; and is found at all depths 
trvMU s.h:»Uow \\:u,T down to BA'lo fathoms. Upj'er 
C rr,:,:. : ^ .(i- '■' : K-re::. (Plate 10. fig. F.) 



T<sl :x^'\:h;r.iv.-".:s : s-'rsu'bl- aix^nale> or plaiio- 



;i*v-)a.x-. ; sxvnr.ri- :y.-^;.'jiV:y .-^-v-irtl. i' ; n. ? r;\i i; r 
V4v '., ;S»> -:., r. :V T.:. T-.r-. iiS- 1-3. 
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-striated and sulcate, and the present example falls 
into this group, in which the central type is N. 
raphanus of Linne. N. Zippei is a characteristic 
cretaceous fossil, occurring in the Gault and Chalk of 
England and Bohemia. It is well separated from the 
type form N. raphanus by the strongly inflated 
chambers and the small number of the salient 
vertical costae. Cretaceous. (Plate 10, fig. I.) 

Two other examples are now given of what are 
often regarded as sub-generic modifications of 
Nodosaria — namely, Glaiidulina, in which the test is 
short and almost lageniform in outline, the earlier 
-chambers being vertically compressed into a shorter 
space than is usual in Nodosaria^ and with the later 
chamber or chambers much more spacious and 
inflated; and Dentaliiia, which is a curved nodo- 
sarine form, often gracefully tapering towards the 
aboral extremity. 

N. {Gla)idulina) Icevigata^ D'Orbigny, * Ann. 
Sci. Nat.' vol. vii. 1826, p. 252, pi. x. figs. 1-3. 

This species has a fairly wide range in the fossili- 
ferous formation, since it first appears in the Lias of 
CheUaston ; and it has been recorded under various 
synonyms, from successive strata of later date. As 
N. (G.) ahhreviata it was described from the London 
Clay of Piccadilly, and from the Miocene of Tran- 
sylvania. This species is well distributed in modem 
seas. Lias to Recent. (Plate 10, fig. G.) 

N. (Dentalina) Adolpldiia, D'Orbigny, 'Foram. 
Fobs. Vienne,' 1846, p. 61, pi. ii. figs. 18-20. 

This pretty little species is found in some abund- 
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ance in various Tertiary deposits, such as the Londou 
Clay (Eocene), the * ClavuUna ' beds of Budapest 
(Eocene), the Miocene of the Vienna basin, and the 
Pliocene of Kar-Nicobar. It is also known from 
recent soundings, but it is very rare, and apparently 
confined to the Indian Ocean. Tertiary to Becenf. 
(Plate 10, fig. H.) 

Genus LiiiguUna^ D'Orbigny. 

Test straight, compressed; aperture typically a 
narrow fissure. Permian to Recent. 

Example. — L. semiornata, Reuss, * Sitz. d. k. Ak. 
Wiss. Wien,' vol. xlvi. pt. i. 1862, p. 91, pi. xii. 
figs. 11 a, b. 

The chief features of the genus are well seen in 
this example ; the compression of the nodosarine 
chambers affects the oral aperture, which is thereby 
modified as a terminal slit. 

L. semiornata is almost confined to the Gault 
formation, and it was from a specimen of English 
Gault clay sent to Prof, von Reuss by Prof. Rupert 
Jones that the original examples were described. It 
has lately been met with in the Aptian beds of 
Surrey. Cretaceous. (Plate 10, fig. J.) 

Genus Froiidicularia, Defrance. 

Test compressed or complanate, segments shaped 
like an inverted V, equitant; primordial chamber 
distinct. Permian to Recent. 

Example. — F. ParJceri, Reuss, * Sitzungsb. d. k. 
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Ak. Wiss. Wien,' vol. xlvi. pt. i* 1862, p. 91, pi. xii. 
tigs. 7rt, b. 

This genus was particularly abundant in Cretaceous 
seas; the above example is a typical one from the 
Gault, and it also extends its range into the Chalk. 
(Plate 10, fig. K.) 

Genus Bhahdogoniuvi^ Reuss. 

Test straight or slightly curved, angular or sub- 
carinate, usually three- or four- sided. Lias to Becent. 

Example. — B. tricarinatum^ D'Orbigny sp. {Vagi- 
Hiilina), 'Ann. Sci. Nat.' vol. vii. 1826, p. 268, No. 4; 
' Modele,' No. 4. 

The typical examples of the above species are 
confined to Tertiary strata, where it has a wide 
distribution. A variety (acutanguhnn, Reuss) has 
been described from Lower Cretaceous beds of 
Aptian age in Germany, and it also occurs in the 
Gault of England. 

As a recent form it is common in the North 
Atlantic from shallow water down to 1,360 fathoms ; 
and it also occurs in the Mediterranean Sea and the 
Pacific Ocean. Silvestri's specimen (see figure) 
came from the Pliocene of Sienna. Tertiary to 
Becent. (Plate 10, figs. L, L) 

Genus Marginuli7ia, D'Orbigny. 

Test elongate, curved; segments circular in 
section ; aperture marginal. — Cavihrian to Becent. 
Example. — M. raricosta^ D'Orbigny, ^ M6m. Soc. 
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G60L France,' ser. 1, vol. iv. 1840, p. 51, pi. i. 
fig. 25. 

The marginuline characters are well seen in this 
species. The test in this genus is frequently ribbed, 
as in the raphanits type of Nodosaria^ whilst the 
smooth forms are comparable with the Dentalin<F 
of the communis section. 

M. raricosta was obtained by D'Orbigny from the 
Chalk of Meudon, France. (Plate 10, fig. M.) 

Genus Vaginulinu, D'Orbigny. 

Test elongate, compressed or complanate; septa- 
tion oblique ; aperture marginal. Lius to Recent 

Example. — V. rectcij Reuss, ' Sitzungsb. d. k. Ak. 
Wiss. Wien,' vol. xlvi. Abth. 1, 1862, p. 48, pi. iii. 
figs. 14, 15 a, h. 

The Jurassic and Cretaceous species of Vaginu^ 
Una are usually costate, and the above is a typical 
example of such. The recent examples of the genus 
are generally of the smooth type of shell. F. recta^ 
was found by Reuss in the Gault Clays of North 
Germany, and in that at Folkestone, whilst Berthelin 
noted it from the equivalent strata in France (at 
Montcley). It is also of frequent occurrence in the 
Red Chalk of Speeton. Higher in the series it 
occurs in the Chalk Marl of Folkestone and else- 
where. Cretaceous. (Plate 10, fig. N.) 

Genus Rimidinaj D'Orbigny. 

Test resembling a thick, somewhat rounded, 
Vaginulina; septation very oblique; aperture a 
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long slit down the ventral face of the final segment ; 
chambers few. Becent 

Example. — B. glabra, D'Orbigny, 'Foraminif. 
Foss. Vienne/ 1846, p. 63, pi. xxi. figs. 5, 6. 

This form is not often met with, and may 
possibly be only an aberrant variety of Vaginulina. 
D'Orbigny's specimen was obtained from the Adri- 
atic. Becmt. (Plate 10, fig. 0.) 

Genus Cristellaria, Lamarck. 

Test planospiral in part or entirely ; complanate,. 
lenticular, crozier-shaped or ensiform (elongate). 
Upper Cambrian to Becent, 

Examples. — (7. crepidula, Fichtel and Moll sp. 
i^atitilus), ' Test. Micr.' 1798, p. 107, pi. 19, g-4. 

This is a complanate and somewhat elongate 
form of the genus. It is common in fossiliferous 
strata dating from the Lias, and at the present day 
^t is found in comparatively shallow water. Lias to 
decent. (Plate 10, fig. P.) 

C. budensisy Hantken sp. {Bobidina), 'Mitth. 
a. d. Jahrb. k. ungar. Geol. Anstalt,' vol. iv. 1875 
(1881), p. 58, pi. vii. fig. 1. 

The above species is a complanate, partially 
evolute form of CristeUaria, in which the primordial 
chamber is just visible in the centre of the spiral 
shell. The margin is carinate or sharply flanged, 
8s in the central type C. ciiltrata, and of which there 
are many varieties. C. budeiuis was obtained from 
the ClavulinU'Szahoi beds of Budapest, of Eoceiie age. 
(Plate 10, fig. Q.) 
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Dimorphous Genera. 

Genus AmpTiicoryne^ Schlumberger. 

Early chambers Cristellariaii, later ones Nodo- 
sarian. Recent. 

Example. — A. parasitica^ Schlumberger, 'Mem. 
Soc. Zool. France/ vol. v. 1892, p. 197, pi. viii. figs. 
10-12. 

This is an intermediate fonn between Cristellaria 
and Dentalina. The commencement of the shell 
resembles Cristellaria crepidula. The original 
examples were dredged by the Prince of Monaco 
in the Azores at 71 fathoms. (Plate 10, fig. R.) 

Genus Lingulinopsis^ Reuss. 

Early chambers Cristellarian, later ones Lingii- 
line. 

Example. — L. hohemicaj Reuss ; lieuss's ' Model,' 
^^0. 30, 1865. 

A compressed marginuline form with the aperture 
slitlike and terminal. 

Reuss's specimen came from the Chalk of 
Bohemia. (Plate 10, fig. S.) 

Genus FlahelliTia, D'Orbigny. 

Early chambers Cristellarian, later ones Frondi- 
cularian. Lias to Becent. 

Example. — F. rugosa^ D'Orbigny, ' Mem. Soc. 
Geol. France,' vol. iv. 1840, p. 23, pi. ii. figs. 4, 
5, and 7. 
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This is a tjpical example of the peculiar di- 
morphous fonu referred to as Flahellina. It is 
almost esseutially a Cretaceous genus, but it occurs 
sparingly in certain Tertiary deposits, and aberrant 
fonns of Frondicidaria are still foimd in the hving 
condition which resemble this dimorphic type of 
organism. The present species, F. rugosa^ is well 
known from Cretaceous strata. (Plate 10, fig. T.) 

Gexus Amphimorphina^ Neugeboren. 

Early chambers Frondicularian, later ones Nodo- 
sarian. Cretaceous and Tertiary. 

ExAMPLi:. — A. striata J Reuss, * Sitzungsb. d. k. 
Ak. Wiss. Wien,' vol. xlvi. Abth. 1, 1862 (1863), 
p. 57, pi. V. fig. 5. 

Eeuss's example was obtained from the Upper 
Hils Clay of Northern Germany. The only other 
known species, A. Haueriana^ Neugeboren described 
from the Miocene of Transylvania, and Karrer has 
recorded it from the Miocene of the Vienna Basin. 
(Plate 10, fig. U.) 

Genus Dentalinopsis^ Reuss. 

Early chambers Rhabdogonian, later ones Nodo- 
sarian (Dentaline). Lower Cretaceous. 

Example. — 1), suhtriquetra, Reuss, ' Sitzungsb. 
d. k. Ak. Wiss. Wien,' vol. xlvi. Abth. 1, 1862 
(1863), p. 57, pi. V. figs. 6 a, h. 

At the earlier part of the shell this form re- 
sembles a triangular Dental ina, Reuss found his 
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specimens in the Middle Hils Clay of North Ger- 
many (Aptian stage). (Plate 10, fig. V.) 

Sub-family 3. PoLYMORPmNiNiE. 

Segments arranged spirally or irregularly around 
the long axis ; rarely biserial and alternate. 

Genus Polymorpliina^ D'Orbigny. 

Segments biserial or triserial or irregularly spiral. 
Aperture radiate. Trias to Recent, 

Example. — P. gihha^ D'Orbigny, ' Ann. Sci. Nat.' 
vol. vii. 1826, p. 266, No. 20 ; — Modele, No. 63. 

This species has an almost globular test, generally 
with three chambers visible on one of the surfaces. 
The suture lines are only faintly marked on the 
shell-surface. 

P. gihha first makes its appearance as a fossil in 
beds of OoUtic age, and it is found in all succeeding 
formations to the present day. It is a well-distributed 
species both geographically and bathymetrically. 
(Plate 11, fig. A.) 

Dimorphous Form. 

Genus Dimorjyhina, D'Orbigny. 

Early chambers Polymorphine, later ones Nodo- 
sarian. 

Example. — D. tiiherosa^ D'Orbigny, 'Ann. Sci. 
Nat.' vol. vii. 1826, p. 264, No. 1 ; Modele, No. 60. 

The shell of this species is elongate, subcylindrical, 
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and straight. Anterior end acuminate ; posterior 
obtuse and rounded. Early alternating chambers 
vary in number ; later, uniserial chambers two to six 
in number, more or less inflated. Surface smooth. 
The fossil specimens of the above form were found 
in the Tertiary beds of Italy, Spain, of the Vienna 
Basin, and East Anglia. It is also noted from the 
Mediterranean at depths not exceeding 100 fathoms. 
(Plate 11, fig. B.) 

Genus Ucigeriim, D'Orbigny. 

Segments arranged in a more or less regular spire 
round the long axis of the shell, rarely biserial. 
Aperture single, usually surrounded by a phialine 
lip ; often forming a prolonged terminal tube. 

In this genus the surface of the test is frequently 
ornamented either with stria*, costa?, prickles, or 
spines. Eocene to Recent, 

Example . — U, i^ygincea., D ' Orbigny , * Ann . Sci . 
Nat.' vol. vii. 1820, p. 269, pi. xii. figs. 8, 9 ; Modele, 
No. 67. 

This species is one of the strong-ribbed modifi- 
cations, with a broadly ovate test. As a fossil it is 
common in all the later Tertiary (Neogene) deposits. 
In modem seas it is a well-distributed species, and 
ranges from shallow water to 2,600 fathoms. Goes's 
specimens came from the west coast of Scandinavia 
at depths of 11 to 49 fathoms. Miocene to Recent, 
(Plate 11, fig. C.) 
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Dimorphous Form. 

Genus SagrainUy D'Orbigny, emended by Parker and 

Jones. 

Early segments Uvigerine, later ones Nodosarian. 
Eocene to Recent. 

Example. — S. striata^ Schwager (Dimorphina), 
' Novara-Exped., geol. Theil/ vol. ii. 18G6, p. 251, 
pi. vii. fig. 99. 

The typical Uvigerine commencement is distinctly 
seen in this species. 

As a recent form 8. striata seems confined to tropi- 
cal areas, and ranges in its depth from quite shallow 
water to 350 fathoms. The fossil examples were 
obtained from the Eocene beds of Hungary, the 
Miocene of Malta, and the Pliocene of Kar Nicobar. 
Eocene to Recent. (Plate 11, fig. D.) 

Sub-famili/ 4. Kamulinin.e. 

Test commencing with an imperfectly segmented 
series of chambers, sometimes resembling to a certain 
extent the siiiipler forms of Polymorphiym^ to which 
genus the present group bears some affinities ; after- 
wards branching irregularly and taking the form of 
subspherical chambers united by long and slender 
stoloniferous tubes, or a series of pyriform chambers 
with or without intermediate stoloniferous tubes. 

Genus Ravmlinay Kupert Jones. 
Test branching, composed of spherical or pyriform 
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chambers connected by long stoloniferous tubes. 
Jurassic to Becevf. 

Example.- ii. glohdifem^ Brady. 

This species, which may be taken as typical of 
the free-growing forms, is distinguished by its 
branching test, composed of irregular subglobular 
chambers, connected by slender curved or straight 
stoloniferous tubes, and which radiate from the 
(*hambers. Segments internally septate, but only in 
an imperfect manner. Texture hyaline, finely per- 
forate. Surface of test hispid or aculeate, but not 
so coarsely as in the cretaceous species B. aculeata. 

B. (jlohuUfeni has been recorded as a fossil under 
various names from the Middle Jurassic of Poland 
and Switzerland, the Aptian beds of Surrey, the 
Gault of France and England, and from various 
Tertiary beds, as the London Clay, and the Pliocene 
of Italy. It occurs at moderate depths in the seas 
of the present day. Jurassic to Becent. (Plate 11. 
fig. E.) 

Genus Vitriwebhina^ Chapman. 

Test adherent, consisting of a series of hemi- 
spherical or elliptical chambers, gradually increasing 
in size and usually arranged in a curvilinear manner. 
The commencing segment sometimes exliibits a poly- 
morphine septation. Shell finely perforate, translu- 
cent or dull. Surface of the test smooth or minutely 
tuberculate. Aperture a simple crescentic space 
situated between the inferior margin of the shell 
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and its object of attachment, at the termination of 
the last chamber. Cretaceous. 

Example. — V. Icevisj SoUas sp. {Webbina)j * Geol. 
Mag.' Dec. 2, vol. iv. 1877, pp. 103, 104, pi. vi. figs. 
1-3. 

The test of this species is smooth and glossy in 
appearance. The segments, which are hemispherical 
or ovoid, are joined to form a short series ; adherent 
to fragments of rolled phosphatic chips or shells, and 
usually found in hollows or recesses in such frag- 
ments, as if for protection. 

T^ Icevis is found sparingly in various Cretaceous 
beds, as the Marl of New Jersey, the Gault of Folke- 
stone, the Greensand of Cambridge, and the Chalk- 
marl of Kent. (Plate 11, fig. F.) 
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CHAPTER XIV 
THE FAMILY GLOBIGERINID^ 

The group of Foraminifera which constitutes the 
above family is not, like most of the preceding 
divisionH, separable into a closely connected and pro- 
gressive series of forms, but the various genera have 
many features in common with the whole group, and 
the phenomena of isomorphism amongst species of 
different genera is often very marked. The greater 
number of the members of the Globigerinid-e are 
pelagic or surface-living organisms. 

The salient characters of the group are a test 
which is never attached ; a perforate shell- wall very 
variable in thickness even in the same genus ; 
(•hambers few, inflated, arranged spirally ; aperture 
hinglc or multiple, conspicuous. There is no supple- 
mentary skeleton nor canal system. 

With regard to the isomorphism of the various 
npecies, mention maybe made of Glohigerina hulloides 
with (Uimleina nifida, Glohigerina conglohata with 
ti'pliicroidina huUoidvs and PuUenia obliquiloculaia 
and Glohigerina ceqnilaterali,s with Hastigeriiui peln- 
gica and PuUenia quinqneloha. The genus Globi^erimi 
has some isomorphous types corresponding even wuth 
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certain forms of the next family, the Kotaliid.e, as 
Glohigerina cretacea and Discorhina rugosa. 

Genus Glohigerina^ D'Orbigny. 

Test coarsely perforate ; trochoid, rotalifonn, or 
symmetrically planospiral ; segments few, inflated ; 
pelagic specimens spinous. Cambrian to Becent. 

Examples. — G. buUoides, D'Orbigny, 'Ann. Sci. 
Nat.' vol. vii. 1826, p. 277, No. 1 ; ' Modules,' Xo. 17 
and No. 7G. 

The size of the test in this species varies greatly. 
The British specimens are usually one-fifth the dia- 
meter of good typical examples from mid-ocean. 
It is found in every sea, and certain deep-sea 
deposits are often chiefly composed of the shells of 
this type-form. Undoubted examples are recorded 
from strata of Lower Cretaceous age, and it is 
well distributed throughout almost all Tertiary de- 
posits up to the present time. The Pliocene speci- 
mens more nearly approach the recent examples 
in point of size. 

Fig. H shows the appearance of the test when 
obtained from bottom oceanic deposits. (Plate 11, 
figs. H, h.) 

G. bulloides, var. triloba^ Reuss, ' Denkschr. d. k. 
Akad. Wiss. Wien,' vol. i. 1849, p. 374, pi. xlvii. 
fig. 11 a-e. 

This is a three-chambered variety with an almost 
invisible spire, which is found associated with the 
typical G. hullo ides. Fig. G represents a surface 
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specimen of this variety, in which the slender spines 
are still attached. (Plate 11, fig. G.) 

Genus Orbulina, D'Orbigny. 

Test having the external form of a single spherical 
chamber with two sorts of perforations, large and 
small ; pelagic specimens often with a thin shell-wall 
and radiating spines. 

Example. — 0. universa^ D'Orbigny, 'Foram. Cuba/ 
1830, p. 3, pi. i. fig. 1. 

This consists of a spherical chamber, sometimes 
modified by showing a bilobation or protuberance on 
one side. Usually the interior, especially in the thin- 
shelled pelagic forms, contains a small Glohigerim- 
like series of chambers fastened to one side of the test. 
It has been considered by some Ehizopodists that this 
genus is only of quasi-generic value, and that it is a 
reproductive stage of the typical Globigeruia. It is 
a very common form in all surface dredgings, and the 
tests often constitute a large proportion of the Globi- 
(jerma oozes accumulating at the present time. 
( ? Cambrian.) Lias to Becerit. (Plate 11, fig. I.) 

Genus Hastigerimi^ Wyville Thomson. 

Test regularly nautiloid, involute ; shell-wall thin, 
finely perforated; armed with long serrate spines. 
Aperture a large crescentiform opening at the base of 
the last chamber. Essentially pelagic. Recent 

Example. — H.pelagica, D'Orbigny sp. {Nonioninu), 
^Foram. Am6r. Merid.' 1839, p. 27, pi. iii. figs. 13, 
14. 
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This is a thin-shelled form, consisting of a nauti- 
loid spire, subglobular, or compressed bilaterally, with 
umbilical depressions, and a lobulated margin. The 
specimens ordinarily obtained from deep-sea deposits 
are imperfect, showing only the bases of the spines 
which in the Uving condition beset the surface of the 
test. Sir John Murray, in referring to the appear- 
ance of this interesting form when alive, says: 'At 
times calcareous Foraminifera occur in vast numbers 
on the surface, and with a bottle can be picked up 
from a boat. In one specimen thus procured the 
sarcode of the animal was found thrown out into 
bubble-like extensions between the spines of the 
sheU, and over these expansions of the sarcode and 
along the spines the pseudopodia moved freely and 
rapidly.' 

H. pelagica is by no means a common form in 
ordinary dredgings, but from surface dredgings speci- 
mens are often procured in considerable numbers. 
(Plate 11, fig. J.) 

Genus Pidlenia^ Parkek and Jones. 

Test regularly or obliquely nautiloid and involute ; 
segments only sUghtly ventricose. Shell-wall very 
finely perforated ; aperture a long curved sUt close to 
the line of union of the last segment with the 
previous convolution. Cretaceous to Recent. 

Example. — P. spJi ceroid esj D'Orbigny sp. {Nonio- 
iiina), ' Ann. Sci. Nat.' vol. vii. 1826, p. 293, No. 1 ; 
' ModMe,' No. 43. 

The shell is subglobular, with a smooth or even 
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polished surface. The perforations of the test are 
very minute ; Dr. Brady gives as their approximate 
diameter ^-5^-5^(7 of an inch (O'OOl mm.) It first 
makes its appearance as a fossil in the Chalk-marl, 
and continues through many formations of succeed- 
ing age to the present time. It is now a widely dis- 
tributed form in deep-sea deposits. (Plate 11, figs. 
K, k.) 

Genus Splup.widina^ D'Orbigny. 

Segments few, coiled so as to form a nearly 
globular shell ; aperture arched ; sometimes partially 
closed with a valvular tongue. Cretaceous to Recent. 

Example. — iS. bull aides, D'Orbigny, ' x\nn. Sci. 
Nat.' vol. vii. 1826, p. 267, No. 1 ; ' Modele,' No. 65. 

The test of this species is nearly spherical, but 
somewhat flattened at the umbilical axis. The 
chambers to a certain extent embrace the earher part 
of the shell, so that only the last three or four cham- 
bers — practically the last convolution — are visible. 

In the fossil state S. hulloides first makes its 
appearance in the Gault of Folkestone. It has also 
been found in the Chalk of Meudon, France, and of 
the Island of KUgen, and it is a well-known and widely 
distributed species in the faunas of the Tertiary beds 
of Europe generally. At the present time it is found 
from the coast of Norway to the Southern and Indian 
Oceans, and at almost every depth where Foramini- 
fera are obtained. It has not yet been ascertained 
whether this species is pelagic. Cretaceous to Becent, 
(Plate 11, fig. L.) 
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Genus Candeina, D'Orbigny. 

Test trochoid ; segments inflated ; shell-wall thin, 
finely perforated. Apertures consisting of rows of 
pores along the septal lines. Becent. 

Example. — C. nitida^ D'Orbigny, 'Foram. Cuba,' 
1839, p. Ill, pi. ii. figs. 27, 28. 

This pelagic form is widely diffused, but is by no 
means common. It has occurred in the N. Atlantic, 
to the S. of the Canaries, and in the shore sands of 
C uba and Jamaica. It has also been found in the 
S. Atlantic and in the N. and S. Pacific Oceans. 
At Funafuti, in the S. Pacific, it has lately been found 
in dredgings from depths of 50 to GO and 200 fathoms. 
(Plate 11, figs. M, 7n.) 
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EXPIANATION OF PLATE 11. 

Fio. 

A. PoUjmorphina ffihha^ D'Orbigny (after Goes), x 16. 

B. Dimorphina tuberosay D^Orbigny. < 25. 

C. Uvitjcrina pygmcea, D'Orbigny (after Goes), x 12. 

D. Sagraina Hiriaiu^ Schwager (after Brady), x 30. 

E. Bamidiva glohulifcra^ lirady. x 5J5. 

F. Vitriwchhina hrvin^ SoUas sp. x 17. 

G. Glohigerina hnUoiilcs, l)'Orbigny» var. triloba, Keuss ; suriiie 

specimen, with spines. x 50. 

H, h, G, huUoidcs. D'Orbigny: 7i, oral aspect of another specimen. 4i 

r. OrhnUyia utiivf rsay\yOTh\gc\\ '. pelagic specimen, x 25. 

J. Hafitiger'nui -pelagira, Wyville Thomson, x 27. 

K, /.-. Pullcvia sphccroidrs, D'Orbigny sp. : A% oral aspect, x 35. 

I.. Sphccroidina hnlloulca, D'Orbigny. •• 14. 

M,m. Candeina uHiihK \yOvh\^\\\ : ///, inferior surface, x 18. 




MiLV VII. LAGENID.E {-concluded) ; and 
Family VIII. G LOB IG ERIN ID.K. 
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CHAPTEK XV 
THE FAMILY KOTALIID^ 

shell- structure of the Foraminifera constituting 
Family Rotalud^ is essentially calcareous, hya- 
and perforate. The tests are sometimes found 
>rent to other objects, but are more usually 
Their chief character is the rotaline or spiral 
I of the shell ; and the coil is generally asym- 
ical. To this method of growth there are some 
ptions, as in the acervuline genera, like Planor- 
na and Gtjpsina^ but which, however, show their 
iionship to the more typical members of the 
ly by their rotaline contour in the earlier stages 
^o^\^ih, occasionally only in those chambers formed 
16 embryonic condition. 

Che typical appearance of a Rotaline form is a 
d series of chambers so arranged that on one 
, the superior, we have all the chambers visible ; 
st on the other, the inferior face, only those of 
last whorl are seen. The aperture is usually 
ited on this inferior surface. 
Phe more advanced types of shell-structure in 
family consist in the presence of a double wall 
be chambers. There is sometimes a redundant 
rth of shell-structure also present, which chiefly 



214 THE FOKAMINIFERA 

serves to strengthen or otherwise fortify the shell, 
called the supplemental skeleton, and these extra 
layers and the shell-wall proper are frequently 
traversed by a system of interseptal canals. 

In the SpiRiLLiNiNiE we have an example of 
perhaps the simplest type of shell, consisting as it 
does of an open and coiled tube without any septa- 
tion. In the conical modifications of this generic 
group we seem to see the relationship between this 
type and the genus PatelUna of the next sub-family. 

In the KoTALnNiE the typical PatelUna is an 
irregularly coiled shell forming a cone, in which the 
spiral portion at the commencement is sometimes 
non-septate, but this is immediately succeeded by a 
septate, or imperfectly septate, tube. The genus 
Cymhalo2)ora proceeds a stage farther ; the chambers 
are at first spirally arranged, but afterwards grow 
in a concentric manner ; and the chambers have 
an oblique septation somewhat similar to that seen 
in the later whorls of PatelUna. On the other 
hand Cymbalopora, especially the outspread modifi- 
cations, shows some relationship with Planorhuliym. 
The typical rotaline shells are comprised in the 
genera Discorhina^ TnmcatuUna^ PulvinuUna^ and 
Rot alia ; and these, being mainly distinguished by 
the nature of their shell-structure, present an in- 
teresting series of isomorphous species. 

In the apparently aberrant genera liupertia and 
Carpenteria the affinity to the Rotalines proper may 
be seen in their earlier chambers, which are arranged 
as in T runcatiiUna, The sub-family of the Ting- 
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poRiNJi: embrace a number of somewhat aberrant 
forms, which, although in their earliest chambers 
distinctly rotaline, are sooner or later modified in 
their plan of growth, and increase in size by the 
addition of numerous chamberlets, somewhat ir- 
regvilarly disposed in relation to one another (acer- 
vuline). 

Siib-faviily 1. Spuullinin^. 
Test spiral, non-septate. 

Genus Spirilliiia^ Ehrenberg. 

Test a complanate, plano-spiral, or conoidal non- 
septate tube ; free or attached. Upper Cambrian to 
Recent. 

Example. — S. vivipara, Ehrenberg, 'Abhandl. k. 
Akad. Wiss.' Berlin, 1841, p. 442, pi. iii. fig. 41. 

This is a delicate little species, usually free but 
sometimes found attached to marine objects, as sea- 
weed. It is very extensively distributed, and occurs 
usually in fine muddy deposits of less than 150 
fathoms. As a fossil it has been noted from various 
strata dating from Miocene times. Miocene to Becent. 
(Plate 12, fig. A.) 



Sub-family 2. Kotalhn.e. 

Test spiral, Eotaliform, rarely evolute, very rarely 
irregular or acervuline. 
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Genus Patellina^ Williamson. 

Test conical, consisting of an external layer of 
spirall}' arranged or annular chambers divided into 
chamberlets ; the interior of the cone filled either 
with hyaline shell-substance or by an aggregation of 
compressed chambers. Lower Cretaceous to Becent, 

It seems advisable to restrict this genus to the 
hj'aline forms, and to retain the generic terms 
Orhitolina and Conulites for the subarenaceous 
fossils, which are nevertheless morphologic all}'- similar 
to the above genus. 

Example. — P. corntgata, Williamson, * Recent 
Foram. Gt. Britain,' 1858, p. 46, pi. iii. figs. 86-89. 

It is interesting to note that this identical 
species, held to be a degenerate form of the sub- 
arenaceous type Orhitolina, was existing in the seas 
of the Lower Cretaceous period at the same time as 
the larger morphological types, as evidenced by its 
occurrence in the prolific fauna of the Bargate stone 
scries in Surrey. This interesting little species 
is distinguished from the larger fossil forms by its 
clear hyaline shell-structure. Like the preceding 
genus, Hpirillina, it seems most at home in fairly 
shallow water. Aj^tian to Becent. (Plate 12, figs. 
B, h.) 

Genus Cymhalopora, Hagexow. 

Test more or less trochoid or complanate. 
Segments of the trochoid forms spiral at the 
apex, subsequently arranged concentrically round 
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a deep umbilical vestibule with which each chamber 
communicates by a neck. Complanate forms with 
a row of pores along the septal depressions of the 
inferior surface. Pelagic type with large inflated 
chamber covering the base of the shell. Upjjer Cre- 
taceous to Becent. 

Example. — G. Poeyi (D'Orbigny), (Bosalijia), 
' Foram. Cuba,' 1839, p. 100, pi. iii. figs. 18-20. 

This is a common species in the coral sands of 
low^ latitudes. It appears to be commonest in 
shallow water, but is found down to a depth of over 
600 fathoms. Some of the varieties of this form are 
often found growing attached to seaweed. In fresh 
specimens the test, especially the apical portion, is 
stained a deep brown or purplish red, with the 
sarcode. Becent. (Plate 12, fig. C.) 



Pelagic Type. 

C. {Tretom2)halus) hulloides (D'Orbigny), 'Foram. 
Cuba,' 1839, p. 104, pi. iii. figs. 2-5. 

The chief diflference in this form is the large 
inflated chamber which is developed from the 
inferior surface of the test of an ordinary Cymbalo- 
l>ora of the variety squamosa. 

This pelagic modification is particularly interest- 

^^8 on account of the frequent occurrence of 

^nibryonic shells living within the balloon-like 

^A amber, and which are liberated through an ento- 

soleiiian orifice. Becent. (Plate 12, fig. D.) 
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Genus Discorhiva^ Parker and Jones. 

Test free or adherent, Kotaliform ; plano-convex 
or trochoid, rarely complanate ; aperture an arched 
slit, often protected by an umbilical flap — the flaps 
sometimes forming a whorl of subsidiary chambers. 
Shell-texture somewhat coarsely porous. Lower 
Cretciceous to Becent. 

Example. — D.patellifonms^ Brady, ' Rep. " Chall." ' 
vol. ix. 1884, p. 647, pi. Ixxxviii. fig. 3 a-c\ pi. 
Ixxxix. fig. 1 a~c. 

This neatly built species is characteristic of the 
genus. The lower surface of the test shows the 
granulated surface or exogenous shell-layer, which 
in some species presents the fonn of sutural thicken- 
ings along the radial margins of the chambers, the 
astral arrangement of which gave rise to the quasi- 
generic group the Asterigerince. 

D. patelliformis has occurred in the Pacific, and 
from the shores of Ceylon, Madagascar, the Mauritius, 
Malta, and South Australia. It is chiefly confined 
to shallow water. Becent. (Plate 12, figs. E, e.) 



Genus Phuiorhulina^ D'Orbigny. 

Test normally adherent; compressed or com- 
planate segments very numerous ; commencing 
growth on a spiral plan, but subsequently becoming 
more or less cyclical ; the lipped apertures of the 
individual segments opening externally at the 
periphery. Aberrant varieties often wuld-growing 
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and irregular, sometimes acervuline. Shell-wall 
coarsely porous. 

The granulate discoidal forms lately described 
from Cebu, Philippines, by Schlumberger, under the 
name of Liiiderhm, may belong to this type of 
Foraminifera. Tertiary to Becent. 

Example. — P. larvata^ Parker and Jones, 'Ann. 
and Mag. Nat. Hist.' ser. 3, vol. v. 1860, p. 294 ; 
'Phil. Trans.' vol. civ. 1865, p. 379, pi. xix. 
figs. 3 a, h. 

This parasitic fonn is usually of a regularly 
discoidal shape, and is characterised by the acervu- 
line centre, with the marginal ring of apertural 
chambers. It is often abundant in sands of coral 
areas. Recent. (Plate 12, fig. F.) 

Genus Truncatulina., D'Orbigny. 

Test free or adherent, Eotaliform ; the inferior 
face generally more convex than the superior. Shell- 
wall coarsely porous ; surface sometimes tuberculated, 
especially in old shells. Aperture a curved slit at 
or near the superior margin of the inner edge of the 
final segment, sometimes with a phialine neck and 
lip. In one instance the aperture is compound, 
peripherical (epistomine), and normal. Carboniferous 
to Recent. 

Example. — T. lobatiila, Walker and Jacob sp. 
(Nautilus)^ Adams's ' Essays,' Kanmacher's ed., 1798, 
p. 642, pi. xiv. fig. 36. 

Of the plano-convex types of Truncati(lina this is 
perhaps the most characteristic form, and it is 
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certainly the best known. It is abundant in almost 
ever)' shore-sand, and is found increasing in rarity 
down to 3,000 fathoms. 

T. lohatula is often found adherent to marine 
fragments, and it sometimes covers its test \nth 
a nidus of loosely agglutinated sand ; possiblj' a tenta- 
tive experiment in view of becoming an arenaceous 
foraminifer. Carhaniferouyi to Recent. (Plate 12, 
figs. G,//.) 

Genus Anofnah'/ui, Parker and Jones. 

Characters similar to those of TruncatuUna, 
except that the two faces are more nearly alike, the 
general contour being biconcave or subnautiloid, and 
the whorls more or less e volute. Loire r CretaceouH 
to Berenf. 

Example — A. (jros.smKiosa^ Giimbel sp. (Tnin- 
cotulind)^ * Abhandl. d. k. bayer. Akad. Wiss.' CI. ii. 
vol. X. 1868, p. 0()0, pi. ii. figs. 104 a, h. 

The present example has a stoutly built test, 
with fewer chambers than in some other species of 
this genus, and the perforations are very conspicuous. 
As a fossil its earliest appearance is in the Bargate 
beds of Surrey. It is well distributed in modern 
deep-sea deposits, both as to depth and locality. 
Lofrrr Crrfoccous to liccent. (Plate 12, figs. H, //.) 

Gents Corprnteria^ Gray. 

Test adherent, in the smaller forms or younp 
stag(^ spiral ; convex, monticular, cylindrical, or 
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branching ; segments more or less inflated, some- 
times irregularly or sinuously disposed, in the 
smaller forms spreading radially or superimposed 
vertically ; aperture at the apex of the final segment, 
or when compound situated in prolonged simple or 
arborescent tubes. Canal system, when present, 
rudimentary. Cretaceous to Becent. 

The examples referred by Roemer, Goldfuss, and 
Eeuss to the genus Thalamopora^ and which have 
been well illustrated by the latter author, are 
without doubt referable to Carpeutcria. They 
represent a cylindrical modification of the genus. 

Examples. — C. balanifornu\s, Gray, *Proc. Zool. 
Soc. Lond.' vol. xxvi. 1858, p. 2G9, figs. 1-4. 

This, the smallest form of the present genus, is 
Usually found in considerable numbers where it occurs. 
It is often attached to corals, the surfaces of which 
a.re sometimes dotted over quite numerously with 
the little barnacle-shaped tests. It is usually asso- 
Ciiated wdth other species of adherent Foramini- 
:fera found in common with this one, in tropic4il seas. 
Mecent. (Plate 12, fig. I.) 

(7. proteifonnis, Goes, ' K. Svenska Vet. Akad. 
Handhngar,' vol. xix. No. 4, 1882, p. 94, pi. vi. 
figs. 208-214, pi. vii. fig. 215-219. 

The above is a few-chambered form of upright 
growth. As its name implies, it is very variable in 
shape. Fig. J is typical of the species. Goes found 
this form in the Caribbean Sea at 800 fathoms, and 
it has since been found in the lagoon of the Funafuti 
Atoll, EUice Islands, liecent. (Plate 12, fig. J.) 
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Genus Bupertia, Wallich. 

Test columnar, growing attached by a slightly 
spreading base ; segments numerous, spirall)^ 
arranged ; aperture at the inner margin of the 
terminal segment. Becenf. 

Example. — JR. slahilis, Wallich, 'Ann. and Mag. 
Nat. Hist.' ser. 4, vol. xix. 1877, p. 501, pi. xx. 

This species exists in great abundance in the 
colder area of the Faroe Channel, in G32 fathoms. 
It has been found in other localities, but very 
sparingly. Becent. (Plate 12, fig. K.) 

Genus Pulvinulina, Pakker and Jones. 

Test Rotaliform, superior side usually thickest ; 
shell with rare exceptions very finel}' porous ; 
segments fewer in number than in the other 
RoTALHN.E. Shell-thickening usually taking the form 
of external sutural limbation. Aperture typically a 
large slit at the base of the umbilical margin of the 
last segment, often irregular both as to form and 
position ; sometimes with a second slitlike aperture 
at the peripheral angle of the segments, chiefly found 
in the group of the P. elegcms type {Epistomina). Face 
of the terminal segment sometimes inflated and 
studded with larger perforations. Some species 
pelagic. Carboniferous to Becent. 

Example. — P. Menardii, D'Orbigny sp. (Botalia), 
^Ann. Sci. Nat.' vol. vii. 1820, p. 273, No. 26; 
' Modele,' No. 10. 

This is an abundant species in certain pelagic 
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deposits of the present day, where it often constitutes 
the larger proportion of the material. It is widely 
distributed in its geographical range both north and 
south of the equator. Its geological occurrence 
commences in the Chalk-marl, and it is found at many 
horizons in Tertiary strata. (Plate 12, figs. L, Z, /'.) 

Genus Botalia, Lamarck. 

Test Kotaliform, shell- wall very finely porous ; 
with an exogenous deposit in the form either of 
embossed septal lines or of granulation of the sutures 
near the umbilicus. Aperture a neatly arched slit, 
nearly median. Larger species have double septa 
and a system of interseptal canals. Lower CretaceouH 
to Eecent. 

Example. — JR. Soldanii^ D'Orbigny sp. (Botalina), 
' Ann. Sci. Nat.' vol. vii. 1820, p. 278, No. 5 ; ' Modele,' 
No. 36. 

The shell of this species exhibits the extreme 
type of the plano-convex JRotalice. B. Soldanii is 
widely distributed in our modern seas, and occurs 
most frequently at depths between 1,000 and 2,000 
fathoms. The type-form first makes its appearance 
in strata of Eocene age, whilst the variety nitida has 
been recorded from beds as old as the Gault. (Plate 
12, figs. M, m.) 

Genus Calcarhui, D'Orbigny. 
Test Eotaliform, lenticular; periphery furnished 
with radiating (sometimes branching) spines ; supple- 
mental skeleton and canal system very largely 
developed. Chalk to Becent. 
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Example. — G. hispida^ Brady, ' Proc. K. Irish 
Acad.' ser. 2, vol. ii. 1876, p. 590; ' Eep. "ChaU.'^' 
vol. ix. 1884, p. 713, pi. cviii. figs. 8, 9. 

This pretty little aculeate form is very commorx 
in tropical parts of the Pacific and Indian Oceans, in 
the neighbourhood of coral islands. It usually affects 
shallow water down to 60 fathoms; at Funafuti it 
occurs sparingly at 200 fathoms. Recent. (Plate 12, 
fig. N.) 

Suh'family 3. Tinoporin^. 

Test consisting of irregularly heaped chambers 
with or without a more or less distinctly spiral 
primordial portion ; for the most part without any 
general aperture. 

Genus Tinoporus^ Montfort. 

Test lenticular or subspheroidal, with radiating 
marginal spines and tuberculated surface ; central 
chambers forming a piano-spiral disc, which is 
thickened by an aggregation of smaller chambers 
arranged in tiers on the two sides. No general 
aperture, the extrusion of sareode taking place chiefly 
through the canals of the spurlike growths of the 
supplemental skeleton, liecent. 

On account of the somewhat dubious depiction of 
Montfort's type this genus is referred to as Baciilo- 
ifj/jhsina by many authors. 

Example. — 1\ bacuIafu.Sj Montfort, * Conchyl. 
System.' vol. i. 1808, p. 140, 37^ genre ; Carpenter, 
* Phil. Trans.' IS()0, p. 5oT, pis. xviii. xxi. 
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The present species is often associated with 

Calcarifui in the littoral sands of coral islands. It 

is easily distinguished from its congener by the 

surface tuberculations, the ends of the pillars of 

exogenous shell-growth, among other characters. 

^. haculatus is found in extraordinary abundance in 

some of the sands of the Pacific, the orange-brown 

t^Bts giving the deposits quite a colouring of their 

^^vu. It is most characteristic of the shore-sands of 

^Ixe reef, but has been obtained from a depth of 

^OO fathoms, although sparingly. Recent. (Plate 12, 

ftg. 0.) 

Genus Gypsina,, Carter. 

Test free or attached, spheroidal or spreading ; 
structure acervuline, radiating, or laminated ; primor- 
dial chambers spiral. The chambers are rounded or 
polyhedral ; coarsely perforated. There is no sup- 
plemental skeleton, nor canal system. Apertures 
obscure, sometimes marginal. 

This genus also includes the type to which Carter 
gave the name Aj)lirosina^ and which appears to be a 
plano-convex modification of Gypsina inhcerensj 
Schultze sp. Cretaceous to Recent. 

Example. — G. vesicularis, Parker and Jones sp. 
(Orbitolina)y 'Ann. and Mag. Nat. Hist.' ser. 8, 
vol. vi. 1860, p. 31, No. 5. 

This subconical form is a' good type of the genus. 

.The surface is marked with fine raised lines, the 

boundaries of the polyhedral chambers. G. vesicularis 

and its attendant varieties occur in the sands of 

Q 
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crowded with sponge spicules, especially at the apices 
of the test. No canal system. Tertianj to Uecent. 

Example. — P. minmceum, Pallas sp. {Millepora)^ 
' Elenchus Zoophytorum,' 1766, p. 251 ; Brady, ' Eep. 
^^Cliall.'" vol. i"^. 1884, p. 721, pi. c. figs. 5-9; 
pi. (*i. fig. 1. 

This is the small coral-like organism which has 
been frequently referred by earlier authors to the 
Zoophytes. Its branching dendroid test is usually 
found attached to shells of molluscs, corals, and other 
objects. The pink colouring matter is present in 
specimens from fairly deep water, and is as vivid 
in those from 150 fathoms as in those near the 
surface. 

The encrusting species of this genus is usually 
snow-white in appearance. 

P. miniaceuni is common in tropical and sub- 
tropical seas, and its home is in the shallower waters 
of those areas. Recent. (Plate 12, fig. Q.) 
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EXPLANATION OF PLATE 12. 

Fio. 

A. Sp^rillina vivipara, Ehrenberg (after Brady), x 65. 

B, h, Patellina corrugata, Williamson : B, superior, h, inferior, sur- 
face. X 75. 

C. Cymhalopora Poeyi, D'Orbigny sp. (after Brady), x 25. 

D. C, (Tretomphahis) hulloides, D'Orbigny (after Brady). x30. 

E, e, DUcorhina paUlliformU^ Brady ; E, lateral aspect ; e inferior 
aspect. X 50. 

F. PlanorbuUna larvata, Parker and Jones (after Brady), x 17. 

G, ^. Truncatullna lohatula^ Walker and Jacob, sp. (after Goes): 
G, superior aspect ; g, inferior aspect, x 16. 

H, h, AnornaUna groaserugosa, Gttmbel (after Brady) ; H, superior 
aspect; h, peripheral aspect, x 20. 

I. Carpenteria balaniformiSy Gray (after Chapman), x 4. 

J. C, jiroteifonnisy Goes, x 8. 

K. Bupertia sfabiHs^ Wallich (after Goes), x 21. 

L, /, /'. Pulvinulina Menardii, D'Orbigny sp. (after Brady): L. 
superior ; 7, inferior ; l\ peripheral, aspect, x 15. 

M, ?«. Botalia Soldanii^ D'Orbigny sp. ; M, superior, ?w, inferior, 
aspect. X 18. 

N. Calcarina hiitpida, Brady, x 15. 

O. Tinoporus ba^ulatus^ Montf. (after Brady), x 10. 

P. Gypaina vesicularis, Parker and Jones sp. (after Brady), x 10' 

Q. Pohjtrema miniaceumy Pallas sp. x 8. 




Family IX. ROTALIID^. 






II 

I- 



V 




Family IS. ROTALIID^. 



t ' 

t I 

I • 

I:- 



I .■ 



I, 

I 

•1 
I 



- f 

■ii 



\ 



THE FAMILY NUMMULINID^ 233 

lihhtegina has a more advanced type of shell nearer 

^he true nummulites ; in fact, it is difficult at times 

to be certain whether one is dealing with these forms 

or Nummulites when its chief character, the asym- 

^Qetry of the test, is more or less obscure. Until 

lately it was held by Ehizopodists that Ainjyliistegbia 

had no interseptal canal system, but its presence 

iae now been proved both in the fossil and recent 

examples. 

Operculbm is typically evolute and outspread, 
biat the earlier chambers are embracing. Hetero- 
st^^ina is comparable with the last-named type, but 
ttxe chambers are partitioned oS into chamberlets. 

The discoidal test of Nummulites consists of 
nxxmerous chambers wound in a flat spiral, with the 
w-^ills of the chambers double. The intennediate 
si>ace is traversed by interseptal canals, which open 
o\xt on the surface of the test. The walls of the 
claambers of each coil are so extended by alar pro- 
longations or flaps that they become equitant and 
completely cover up the preceding whorl of the 
^t^U, and the test shows no signs of septation ex- 
I'^rnally. The sinuous lines seen on the surface of 
^^^mviulites are the junctions of the alar extensions 
^^ the outer septal walls of the chambers. 

The genera Cycloclijpens and Orhitoides^ which 

^'^^stitute the sub-family Cycloclypein.e, are examples 

^^ a cyclical method of growth in these shells. In 

*^^ former genus there is a single layer of annular 

^^^mbers divided into chamberlets, and with superim- 

^^^d supplementary skeleton and numerous exo- 
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To turn to the separate divisions of this family, 
the sub-family Fusulinin^e has the important genus 
Fits u Una for its type. This, with the various allied 
genera and sub-genera, are fossil forms, and restricted 
to palaeozoic strata. Their shell-structure is not 
typically nummuline, for the canal system and sup- 
plementary skeleton appear to be absent. 

The nerxt group of the Polystomellin.e is a farther 
step towards the higher shell-structure seen in the 
Nummulites. In Nonionina the shell-wall is stilJ 
simple in character, but the suture lines are some- 
times thickened by an extra shell-layer. PohjstovuUd 
comprises an instructive series of shells in which the 
graduations may be traced from those with a simple 
series of interseptal canals opening out at the suture 
lines by a row of pores, to those with a more compli- 
cated system, and with a varying amount of exogenous 
shell-structure forming a true supplemental skeleton, 
as well as secondary thickening of the test in the 
form of septal bridges laid at intervals across the 
sutural furrows, and also sutural costap. 

The genus Archcedisciis represents the simples^i 
form of the typical nummulite group, in being little 
more than a simple non-septate or partially septate 
tube wound round an axis which at intervals changet^ 
its direction, as in many of the milioline genera. Thi^^ 
genus, which is restricted to Carboniferous rock^-y 
shows an affinitv with the nummuline forms it^ 
having a thick laminated shell. It is finely porous* 
but also exhibits a secondarj' kind of tubulation in 
the form of numerous coarser pores or canals. Avi- 
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pliistegiiia has a more advanced type of shell nearer 
the true nummulites ; in fact, it is difficult at times 
to be certain whether one is dealing with these forms 
or Nummuhtes when its chief character, the asym- 
metry of the test, is more or less obscure. Until 
lately it was held by Ehizopodists that Ampliistegina 
had no interseptal canal system, but its presence 
has now been proved both in the fossil and recent 
examples. 

Operculina is typically evolute and outspread, 
but the earlier chambers are embracing. Hetero- 
stegina is comparable with the last-named type, but 
the chambers are partitioned off into chamberlets. 

The discoidal test of Nummidites consists of 
numerous chambers wound in a flat spiral, with the 
walls of the chambers double. The intermediate 
space is traversed by interseptal canals, which open 
out on the surface of the test. The walls of the 
chambers of each coil are so extended by alar pro- 
longations or flaps that they become equitant and 
completely cover up the preceding whorl of the 
shell, and the test shows no signs of septation ex- 
ternally. The sinuous lines seen on the surface of 
Nnvimidites are the junctions of the alar extensions 
of the outer septal walls of the chambers. 

The genera Cyclochjpeus and Orhitoides^ which 
constitute the sub-family Cycloclypein.e, are examples 
of a cycUcal method of growth in these shells. In 
the former genus there is a single layer of annular 
chambers divided into chamberlets, and with superim- 
posed supplementary skeleton and numerous exo- 
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geiious conelike layers of shell. In the latter genus 
the central disc, resembUng CycloclypetLs^ is enclosed 
between two layers of acervuUne chamberlets, which 
gives to the shell a lenticular contoin:. It is further 
modified very frequently by the more rapid growth of 
the shell along certain radial lines, which imparts a 
stellate form to the test. 



Sub-fa mill/ 1. Fusulixin^. 

Tost bilaterally symmetrical ; chambers extending 
from pole to pole ; each convolution completely 
enclosing the previous whorls. Shell-wall finely 
tubulated. Septa single, or rarely double ; no true 
intorseptal canals. Aperture a single elongated slit, 
or i\>w c^f small rounded pores, at the inner edge of 
tlie final segment. 

tiKNis Ftt.suiina. Fischzr. 

Tost fusiform or subglobular ; chambers entire, 
or only suKiividod by the infolding of the septal 
wall : a{vrtur\^ an elongated central fissure. C'lr- 

KwMriv. — 1\ i •/::';« Tritv, Fischer, 'Onrctc^^r. 
Ciouv. Moscou/ 1S;^^-:^T. p. 1-20. pi. xiii. figs, 1—5. 

rho tost ot :h:> iuiivrtan: rvvk-forming species i< 
spiuvilo-shaivvi aiui r:;:::drvl a: the ends. The shell 
is uuirkovi \v::h k ::i:::;:viiv.Al :iirr*jw>, and the slitlike 
ajvriur^^ IS situAttvi ::: :hr v;e:i:re cf me overliirciiii: 
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Some species of Fusulina attain a length of half 
an inch. They constitute a large proportion of the 
Upper Carboniferous limestones of certain localities, 
as in Eussia, the Arctic Eegions, Armenia, India, 
China, Japan, the United States (Iowa, Illinois, 
Kansas, Utah, New Mexico, and California), and 
British Columbia. In Central Europe also the 
Zechstein (of Permian age) contains Fusulina. 
(Plate 13, figs. A, a.) 

The sub-genera Hemifusulina and Fusulinella of 
Moller are modifications of the typical Fusulina^ and 
they are confined to the Carboniferous formation. 
Hemiftisulina resembles Fusulina in form and 
general structure, but with the exception that it 
possesses a double septal wall. Fusulinella may be 
compared with a Fusulina which has been compressed 
on the axis of the umbilicus, the resulting form being 
a complanate nautiloid shell, like Nonionina. The 
brown bituminous Carboniferous limestone of Eussia 
and China contains Fusulina, Fusulinella^ and Schtva- 
gerina. The specimens of the latter genus are often 
found infilled with the hydrocarbonaceous material 
of the rock-matrix. 

Genus Schivagerina, Molleil 

Test subglobular, elongated, or subcylindrical, 
seldom fusiform ; chambers subdivided by true 
secondary septa; aperture either a simple central 
fissure or a row of rounded pores. Carboniferous. 

Example.— >S. prince])Sy Ehrenberg sp. (Borelis), 
' Mikrogeologie,' 1854, pi. xxxvii. figs. x. c, 1-4 ; 
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Brady, ' Geol. Mag.' 1875, p. 537, pi. xiii. figs. 6 

The above species gives one a good idea of the 
chief characters of the genus, and by referring to the 
drawing (fig. h of Plate 13) the perfect septation will 
be noticed, which forms its distinctive feature. It 
occurs as a fossil in the Carboniferous hmestone of 
Eussia, China, and Sumatra. (Plate 13, figs. B, b.) 

Hub-familf/ 2. Polystomellin.e. 

Test bilaterally symmetrical ; nautiloid. Lower 
forms without supplemental skeleton or interseptal 
canals ; higher types with canals opening at regular 
intervals along the external septal depressions. 

Genus Noiiionina^ D'Orbigny. 

Supplemental skeleton either absent or rudimen- 
tary, and confined to the umbilical region ; no 
external septal pores or bridges. Aperture a simple 
curved slit. L. Cretaceous to Recent. 

Example. — N. umhilicatula^ Montagu sp. (Nauti- 
las), ' Test. Brit.' 1803, p. 191 ; Suppl. p. 78, pi 
xviii. tig. 1. 

The evenly rounded nautiloid contour of tbi^ 
genus is well shown in the present form ; it is 
chiefly distinguished from the other species of the 
genus by its conspicuously sunken umbilical area. 

As a recent species N. n nihilicatida is widely 
distributed. The fossil specimens date from the 
Middle Eocene. (Plate 13, figs. C, c.) 
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Genus Polystoviella^ Lamarck. 

Supplemental skeleton, septal bridges, and canal 
system more or less fully developed ; canals opening 
externally at the umbilicus, and by a single or 
double row of pores along the sutures. Aperture a 
V-shaped line of perforations at the base of the 
septal face. Middle Jurassic to Recent. 

Example. — P. macella, Fichfcel and Moll sp. 
{Naiitilus), 'Test. Microgr.' 1798, p. 66, pL x. 
figs. e-g. 

The chief features of this species are its com- 
pressed form and acute periphery. The points round 
the shell margin are often produced to a considerable 
extent. P. macella appears to be a modification of 
the more inflated type P. crispa. 

It is commonest in shallow water, and is found 
in all parts of the world excepting the extreme 
northern and southern portions. Jurassic to Bee cut. 
(Plate 13, fig. D.) 

The sub-genus Faujasina^ D'Orbigny, includes 
certain forms which, although exhibiting the general 
characters of Polystoinella^ are plano-convex in 
shape, the entire spiral portion being visible only on 
the flat face, and the last whorl on the convex side. 
It is isomorphous with Truncatulina lohatula. 

The type f orm i^\ carinata (D'Orbigny, ' Foram. 
Foss. Vienne,' 1846, p. 194, pi. xxi. figs. 29-31) was 
first obtained from the Chalk of Maestricht. It also 
occurs in various Tertiary deposit^. (Plate 13,. 
figs. E, e.) Up2)er Chall' to Pliocene. 
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Huh- family 3. Nummulitin\e. 

Test lenticular or complanate ; lower forms with 
thickened and finely tubulated shell-wall, but no 
intermediate skeleton ; higher forms with supple- 
mental skeleton and complex canal system. 

Genus Arcluediscusy Brady. 

Test lenticular, consisting of a non-septate tube 
coiled upon itself in constantly varying direction, 
embedded in a thick mass of finely tubulated shell- 
substance. No supplemental skeleton nor canal 
system. Carboniferous. 

Example. — A. Karreri, Brady, 'Ann. Mag. Nat. 
Hist.' ser. 4, vol. xii. 1873, p. 286, pi. xi. ; ^ Monogr. 
('arb. and Perm. Foram.' (Pal. Soc), 1876, p. 142, 
pi. xi. figs. 1-6. 

The only species of this remarkable genus is of a 
lenticular rounded form, with a somewhat angular 
margin. The aperture is situated at the open end of 
the tubular cavity, in various positions on the peri- 
phery, according to the development of the shell ; 
rounded or crescentic, and simple. The presence of 
the coarser pores in this shell probably points to the 
early stage of a canal system, which is, however, 
obscured by the mineralisation of the fossils. It 
appears to be restricted to the Carboniferous forma- 
tions of the British Islands, (Plate 13, figs. F, /.) 
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Genus Amphistegina, D'Orbigny. 

Test spiral, lenticular, inequilateral ; chambers 
equitant, the alar prolongations on one side simple, 
on the other divided by deep constrictions, so as to 
form supplementary lobes. Shell-wall thickened 
near the umbilicus, finely perforated ; the exogenous 
thickening non-tubulous, and in transverse section 
appearing as two cones of diflFerent sizes with the 
apices opposed. A finely ramifying canal system 
present both in the septa and in the shell-wall. 
Carboniferous and Tertiary to liecent. 

Example. — A. Lessoniij D'Orbigny, ' Ann. Sci. 
Nat.' vol. vii. 1826, p. 304, No. 3, pi. xvii. figs. 1-4. 

This is a very variable form, and the names 
under which it has been described are nearly as 
numerous as its variations. A. Lessonii has a test 
which ranges in form from a thin complanate disc to 
a subspherical or dome-shaped test. Even in one 
dredging many gradations in form may be found. 

It is usually found in the tropical areas of the 
Atlantic, Pacific, and Indian Oceans ; and is com- 
monest in water of less depth than 30 fathoms, but 
also occurs at greater depths, even down to 1,760 
fathoms. Middle Eocene to liecent. (Plate 13, 
figs. G, g, g'.) 

Genus Operculinay D'Orbigny. 

Shell typically complanate and piano-spiral, with 
the whole of the convolutions visible ; the earlier 
whorls more or less embracing. Interseptal and 
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P:XPLANATI()N of plate 18. 

Fu;. 

A, a. Fusuliiia ct/lhidrica, Fischer : A, external and internal aspect, 

X 6 ; a, transverse section, x 15. 

B, h. Schiiutt/rrintt /trinccjm, Elu'enberg sp. (after Bracly) : A. ex- 

ternal view. • U : b, transverse section of test, x 8. 

C, r. Noniotiind umhilicatnht^ Montagu sp. (after Parker ami 

Jones) : (\ lateral aspect ; r, oral aspect, x 80. 

1). PoJystomelht maceUa, Fichtel and Moll sp. (after Brady). > 00. 

E, r. Faujasina varinata^ D'Orbigny : E, inferior aspect (convex 
fiurfacr) ; r. peripheral aspect. 

F, /. ArchiediacuH Karrerif Brady: F, periphero-lateral aspect : /, 
transverse section of test, y 20. 

ti. y, g\ Amphiufcf/liKi Lcftftotiii, D'Orbij^ny : G, inferior lateral aspwt. 
showing the astral lobes ; 7, superior latei*al aspect, with 
Knmiilations near oral region, (f\ peripheral aspect. (After 
Parker, Jones, and Brady.) » 55. 

H, h, Opcrvulhia annnonoiiU's, Gronovins sp. : H, lateral aspect ; //. 
peripheral aspect, x 50. 

I, i, i'. Hrfcrosfct/iini (hprcssdj D'Orbigny : I, lateral aspect of a full- 
grown shell ; /, peripheral aspect, x 7 ; /', yonng siiell, 
X 25. 
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marginal canals conspicuously developed. Lower 
Cretaceous to Recent. 

Example. — 0. avimonoides, Gronovius sp. 
(Nautilus), 'Zooph. Gron.' 1781, p. 282, No. 1220, 
and p. V. 

A small complanate form with comparatively few 
chambers and with hmbate or thickened sutures. It 
is found at the present day in fairly shallow water. 
Pliocene to Eecent. (Plate 13, figs. H, h.) 



Genus Heterostegina, D'Orbigny. 

Test resembling OpercuUna in general contour; 
chambers long and narrow, and divided into chamber- 
lets ; aperture a row of pores on the outer septal face. 
Eocene to Recent. 

Example. — H. depressa^ D'Orbigny, *Ann. Sci. 
Nat.' vol. vii. 1826, p. 305, pi. xvii. figs. 5-7; 
' Module,' No. 99. 

The present species is the type of the genus, and 
the many variations which have been described 
as species differ in little from this form. The 
shell presents itself in the two stages having the 
large or small initial chamber, in common with many 
other types of Foraminifera, and, as is often the 
case, the small-chambered form is much rarer than 
the large-chambered form. In the dredgings from 
Funafuti, where these two conditions were observed, 
the writer found them in the proportion of about 600 
of Form A (the megalospheric shell) to 1 of Form B 
(the microspheric shell). It inhabits moderately 

b2 
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shallow water often in the neighbourhood of coral 
reefs. Eocene to Becent. (Plate 13, figs. I, i, t'.) 

Genus Nummidites^ Lamarck. 

Test lenticular or complanate, piano-spiral, regu- 
lar. Segments equitant, the alar prolongations o 
each convolution completely enclosing the previoui 
whorls. Aperture simple, close to the periphery 
the previous convolution. Supplemental skeleto 
provided with a complex canal system. Carhonifi 
ronsy (?) Jurassic, Tertiary^ and Becent. 

The palaeozoic specimens of this genus are smaB^ 
but chanicteristic ; they were found in the Carboni- 
ferous limestone of Belgium. Nummulites is, ho\s'- 
ever, peculiarly a Tertiarj- form, and was abundant in 
Eocene and Oligocene times, especially in the 
former. The recent specimens are not far removed 
in structure from OpercuUna and Amphistegina. 

ExAMPLK. — X. clegansy Sowerby sp. (Nujumu- 
Iaria)y ' Mineral Conchology,' vol. vi. 1826, p. 76, 
1^1. xxxviii. fig. 2 ; Rupert Jones, * Quart. Joum. 
Geol. Soc' vol. xHii. 1887, p. 132, pi. xi. figs. 1-9. 

This species, with its thin complanate test, is 
found in abundance in certain horizons of the 
Barton Beds of the Isle of Wight and Hampshire. 
(Plate 14, figs. A, a. B.) 

Gexus Assilina, D'Orbigxy. 

Test complanate, structure similar to that of 
Nianmulifes, but the alar extensions of the chamber- 
walls thin and closely superimposed, so that the 
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outline of the convolutions is visible externally. 
Eocene. . 

Example. — A. exponeiis^ Sowerby sp. (NummU' 
lariu)^ * Trans. Geol. Soc. Lond.' ser. 2, vol. v. 1834 
(1840), p. 719, pi. Ixi. figs. 14 a-e. D'Archiac and 
Haime, *Descr. Anim. foss. groupe Nummulitique 
de rinde,' vol. i. 1853, p. 148, pi. x. figs. 1-10. 

The shell of this species is discoidal and thin, 
^th a central depression more or less pronounced. 
The surface of the test is covered, especially in the 
central area, with fine radiating pustular or granular 
lines. The septation of the shell is more clearly 
seen towards the periphery. It is a wide-spread 
form, and has been found in various Eocene de- 
posits in Spain, France, Switzerland, Bavaria, 
Carinthia, the Carpathians, Northern Africa, Asia 
•Miaor, and in the Cashmere Mountains, upon the 
^glit bank of the Kiver Indus, and in the Province 
^f Gutch, in India. (Plate 14, figs. C, c.) 

Sub-family 4. Cycloclypein^. 

Test complanate with a thickened centre, or 
^^Uticular ; consisting of a disc of chambers arranged 
^^ concentric annuli, with a more or less lateral 
^^ickening of laminated shell-substance, or of acer- 
^^iline layers of chamberlets. Septa double, and 
^^^rnished with a system of interseptal canals. 

Genus Cycloclypeus^ Carpenter. 

Discoidal layer usually single ; with superimposed 
*^^xninaB of finely tubulated shell-substance, thickest 
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at the centre, often only slightly developed (especially 
in the microspheric form). Eocene to Recent. 

Example. — C. Carpenteri^ Brady, * Kep. " Chall." ' 
vol. ix. 1884, p. 762 ; also ibid. p. 751, pi. cxi. figs. 
8 a, 6 ((7. Guembelianus). 

A great deal of interest attaches to the above 
species, not only on account of its large dimensions 
as a foraminifer, but also because of its conspicuous 
occurrence in the two stages of shell development, 
forms A and B. The megalospheric form is often 
found in the sands of the coral islands, and bore 
the name of C. Guembelianus. The other form, the 
microspheric, occurs quite locally in just a few 
places, and is the original type on which Carpenter's 
lucid descriptions of the genus were based (see * Phil. 
Trans.' vol. cxlvi. 1856, p. 155, pi. xxx. figs. 1 and 3, 
and *Introd. Study Foram.' 1862, p. 292, pi. xix. 
fig. 2). 

The places whence C. Carpenteri have been 
obtained are Borneo, the Macclesfield Bank, in the 
China Sea, Solomon Islands, the Mauritius, and the 
following places in the Pacific : Tonga, Fiji, Tonga- 
tabu, and Funafuti. At the latter place Gycloclypeus 
occurs in great abundance at certain depths, at about 
50 to 60 fathoms, and the limit of its range there 
seems to be from 30 to 200 fathoms. Recent. 
(Plate 14, figs. D, d, E.) 

Genus Orhitoides^ D'Orbigny. 

Median plane composed of chamberlets arranged 
in regular annuli round a distinct central chamber 
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or chambers ; thickened on either side by layers of 
flattened chamberlets, more or less irregularly dis- 
posed. XJjyper Cretaceous to Miocene. 

Example. — 0. (Discocyclina) papyracea, Boubde 
sp., Giimbel, 'Abhandl. m.-ph. CI. k. bayer. Ak. 
Wiss.' vol. X. 1868 (1870), p. 690, pi. iii. figs. 3-12, 
19-29. 

As a component of certain Tertiary limestones 
this species is often of very great importance. It was 
undoubtedly a foraminifer living in shallower water 
than the related type Cycloclypeus, which has a thinner 
test; and it formed extensive shell-banks, which 
eventually became consolidated into beds of Orbi- 
toidal Umestone. This species is easily recognised 
by its thickened central disc and expansive peri- 
pheral flange. Eocene of Europe, Egypt, Persia, and 
India. (Plate 14, figs. F, /, G, H, I.) 

The chief sub-generic types of Orhitoides are 
based on the appearance of the chamberlets of the 
median layer. The sub-genus Discocyclina has the 
chamberlets of a rectangular form, whilst the sub- 
genus Lepidocycliiia (see Plate 14, fig. I) has them of 
lozenge-shaped or spathulate form. The Discocychnes 
are apparently restricted to Eocene beds, and the 
Lepidocyclines occur in the Upper Cretaceous^ the 
Oligocene^ and the Miocene. Other sub-generio 
types are of little importance, such as Aktinocyclina^ 
Rhipidocyclina^ and Aster ocyclina^ their distinction 
being based on external form alone. 
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EXPLANATION OF PLATE 14. 

A, a. Nummulites elegans, Sowerby sp. : A, lateral aspect ; a, vertical 
section, x 10. 

B. N. elegans, Sowerby sp. : median section, x 20. 

C, c. Asailina exponens, Sowerby sp. : C, lateral aspect ; c, peripheral 
aspect. Natural size. 

D, (h Cijcloclypeus Carpenterij Brady: fonn A; D, lateral aspect; d, 
peripheral aspect, x 5. 

E. C Carpenteri ; fonn B. Natural size. 

F, /. Orbitaid^s papyra^ea, Boub^e sp. : /, peripheral aspect. Natural 
size. 

G. 0. pajryraceay Boub^e sp. : vertical section of a larger specimen. 
Natural size. 

H. O. papyracea, Boubee sp. : median to tangential section ; m, rect- 
angular chamberlets of median layer ; «, areolated chamberlets 
of superficial layer, x 6. 

' I. Type of Lcpidocycli7ie structure in median layer of Orbitcnda 
{Lepidocyclina) Verheehi, Newton and Holland, x 75. 

J. Type of Discocyline structure in median layer of Orbitoidei 
(Diffcocyclina) papyracea, Boubee sp. x 50. 




Fauilv X. KUMMULIKID^ {concluded). 
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CHAPTER XVII 

IE GEOLOGICAL RANGE OF THE FORAMINIFERA 

)mmencing a survey of the various foraminiferal 
SIS of past ages we might naturally expect to 
the remains of such lowly organised and adapt- 
creatures as Foraminifera in great abundance in 
oldest fossiliferous rocks. But this does not 
ar to be so, for the older Palaeozoic series has up 
he present yielded very few genera and species 
lis type of animal Ufe. At one or two horizons 

are their remains found in tolerable abun- 
e, and these are generally in the form of glau- 
e casts. On the other hand in these oldest 
; certain examples have been found which have 
lyaline type of shell, and in which the original 
ture has been wonderfully preserved. The 
rity of the older Palaeozoic Foraminifera have 

assigned to genera of the perforate type, such 
agena, Nodosaria^ Glohigerina^ and Spirillina^ 
it in strata of later age in the same era the 
iceous genera Hyperammijia, Stacheia, and 
ularia make their appearance, 
eeing that the shells of the Foraminifera which 
s a rule so well preserved, especially in calca- 
1 strata, as the limestones and calcareous shales, 
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EXPLANATION OF PLATE 14. 

Km. 

A, a. Nummulites elegans, Sowerby sp. : A, lateral aspect; a, vertical 
Hection. x 10. 

B. N. eleganSf Sowerby sp. : median section, x 20. 

C, c, Assilina exponent, Sowerby sp. : C, lateral aspect ; c, peripheral 
aspect. Natural size. 

D, (h Cyclochjpeiis Carpenteri, Brady : fonu A ; D, lateral aspect ; </, 
peripheral aspect, x 5. 

E. C. Carpentcri ; form B. Natural size. 

F, /. Orhitoidet papyracca, Boub^e sp. : /, peripheral aspect. Natural 
size. 

G. 0. papyracea, Boub^e sp. : vertical section of a larger specimen. 
Natiural size. 

H. 0. papyracea, Boub^e sp. : median to tangential section ; m, rect- 
angular chamberlets of median layer ; «, areolated chamberlets 
of superficial layer, x 6. 

• T. Type of Lepidocycline structure in median layer of Orhitoid^s 
{Lepidocyclhia) VerbecJii, Newton and Holland, x 76. 

J. Type of Discocyline structure in median layer of Orbitoidea 
{DiHcocyclina) j)api/racea, Boubee sp. x 50. 




Family X. NUMMULINID.E (concliuleil). 
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CHAPTER XVII 

THE GEOLOGICAL RANGE OF THE FORAMINIFERA 

In commencing a survey of the various foraminiferal 
faunas of past ages we might naturally expect to 
find the remains of such lowly organised and adapt- 
able creatures as Foraminifera in great abundance in 
the oldest fossiliferous rocks. But this does not 
appear to be so, for the older Palaeozoic series has up 
to the present jaelded very few genera and species 
of this type of animal Hfe. At one or two horizons 
only are their remains found in tolerable abun- 
dance, and these are generally in the form of glau- 
conite casts. On the other hand in these oldest 
rocks certain examples have been found which have 
the hyaline type of shell, and in which the original 
structure has been wonderfully preserved. The 
majority of the older Palaeozoic Foraminifera have 
been assigned to genera of the perforate type, such 
as Lagena^ Nodosaria^ Globigerina, and Spirilliiia, 
whilst in strata of later age in the same era the 
arenaceous genera Hyperammina^ Stacheia, and 
Textularia make their appearance. 

Seeing that the shells of the Foraminifera which 
are as a rule so well preserved, especially in calca- 
reous strata, as the limestones and calcareous shales, 
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are comparatively rare in the older rocks, we may 
reasonably infer that the types of Protozoa, which 
very probably existed in earliest times and in pro- 
digious abundance, were chiefly represented by those 
forms which did not possess an investment of hard 
material, but consisted merely of sarcode, or perhaps 
were covered by a thin chitinous investment. This 
conjecture, however, will require proof which prima 
facie will be next to impossible to obtain, for the 
chitinous forms are practically unknown as fossils. 

It appears by recent researches to be pretty 
conclusively proved that the whilom sensationsul 
Eozoon CunddeuHe of the Laurentian limestone rocks 
of Canada and elsewhere is not a gigantic foramini^ 
fer. Whether it be a purely mineral structure or &* 
mineralised organism of a larger type of growiih, suck»- 
as a hydrozoan, remains to be seen ; it will not b^ 
necessary to dwell further upon it here. 

Some exceedingly minute bodies resembling Fora— - 
minifem in their general form have been described- 
by C^iyoux fnnn the Pre-Cambrian of Brittany, wher^ 
Uu\v iKom- in quartzites and pthanites. They are^, 
however, of such small dimensions, the largest of 
their segments having a diameter of only ^^^^^ inchi, 
that their n^lation to Foraminifera mav be con- 
sidervd somewhat doubtful. 

Four noteworthv occurrences of Foraminifera 
have Ihvu rvvorded from Cambrian strata, Ehren- 
berjr. in ISTvS. Ixgunni various glaucx>mue casts 
of FomininiferH from the so-called * Silurian clay ' 
QAM^ St* IVtersbunr, which apparently belong to 
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fe dimensions ; there are, however, many others 
the Carboniferous series which, although smaller 
size, are often very numerous, and therefore 
(ortant as rock-builders. Many of these species, 
. even genera, are more or less restricted to 
Carboniferous system. Among other Carhoni- 
>us types we may mention the genera Ha'plophrag- 
nn, iStachein, Nodoswella, Endotkyra (generally a 




Fig. 29. — Fusulin.\ Limkstone; Kussias Cakbomferods- 
X 6J. Original. 

rboniferouH genus, but also found in the Trias), 
imoilisnis, Textidaria, Valviilina, Lagena, Archte- 
CU.S (restricted), and Fiistdiiia (restricted to Car- 
liferous and Permian). 

The genera Saccajinninu (tig. 28) and FasuUna 
. 29) often form the larger proportion of extensive 
B of hmestone, as we have already seen, but 
asionally some of the smaller types, as Endotkyra 
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many of the specimens. The commonest genns iu 
point of numbers in this rock is Spirillina (see Sg. 
27), and the particular form is not so very differeDt 
from a species now often met with in shallow water 
oS the British coasts. The other genera accompany- 
ing the HpirillintE of the Upper Cambrian are 
Lagena, Nodosaria, Margimdina, and Crixtellaria. 




In the Ordovician system the shales above tt*^ 
Bala limestone at Guildtield, near Welshpool, h»*^^ 
been recorded as foraniiniferal by W. Keeping. 

In the Silurian system the Llandovery beds *^' 
Cwm Symlog have yielded to J. F. Blake Dentali"^ 
commimi.'i and to W. Keeping Texiiilaria, Dcntalin^' 
and (?) liofalia. 

From the Woolhope Limestone of the Malveri^* 
H. B. Brady obtained four species of Lagena^ whi<^-'' 
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referred to more recent types, although the general 
rface of the tests, as well as the ornamentation, is 
uch coarser. 

In sections of the Wenlock Limestone of the 
tidlands the WTiter has frequently noticed small 
rms of Lagence, and he has lately described some 
ecies belonging to the genera Hyperammina and 
acheia from the Wenlock Series of Gotland. The 
iter genus has also been obtained by Vine from the 
enlock shales of England, and described by him 
der the name of Psammosiphon. 

The Upper Silurian of Waldron (Indiana) has 
flded Terquem four species of Placopsilinay which 
re found attached to crinoid stems. 

The same author also found casts of Foramini- 
a, which he referred to Lagemdina^ Cristellaria, 
biilina, Glohigerinay and FusuUna^ in Devonian 
iks at Paffrath, in the Eifel. This appears to be 
^ only record of Foraminifera occurring in 
^Tonian strata in any country. The absence of 
Bse organisms is very remarkable, for the condi- 
»xis under which the deposits of Devonian age with 
e marine facies were laid down seem to be espe- 
tUy favourable for the existence of Foraminifera. 
xe usual concomitants of foraminiferal deposits 
B greatly in evidence in Devonian rocks, such as 
xals, ostracoda, and oolitic-granules, but neverthe- 
is the Foraminifera are strangely wanting. 

This singular paucity of Foraminifera in the 
evonian strata is strongly emphasised by the appa- 
Jitly sudden appearance of a large number of genera 
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and species in the Carboniferons system. At this 
period the Foraminifera were so abundant in certain 
areas that they often formed very extensiye depositee. 
For example, Saccammina constitutes a large pr<3- 
portion of the rock known as the Saccammina Iim< 
stone of England, Scotland, Ireland, and BelgianiM, : 
and this genus is found throughoat the Carboniferot: 
series, but chiefly near its base. Fiisiilina 







YiQ. 28. — Saccamsiina Limestone ; CARBONirEBOUs, 
KoBTHCMBEBiAND. X 6}. Original. 

another important genus, forming the main bulte^ 
of the Fusulina limestones so extensively developed 
in the Upper Carboniferous of Russia, China, 
Japan, and North America ; and which also occur* 
in Spain (Cantabrian Chain) and the Southeni 
Alps (Upper C.imiola and Carinthia), the Caucasus, 
Isle of Chios, Borneo, and Sumatra. 

The two above-mentioned genera are of fairly 
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large dimensions ; there are, however, mauy others 
io the Carboniferous series which, although smaller 
JQ size, are often very numerous, and therefore 
important as rock-buildei-s. Many of these species, 
aod even genera, are more or less restricted to 
ttie Carboniferous system. Among other Carboni- 
ferous types we may mention the genera Ha-plophrag- 
ff in Jit J StacJma, Nodosinella, Endothyra (generally a 




x6}. Ongi>-al. 

^Carboniferous genus, but also found in the Trias), 

*'*i,?iiodiscns, Textidarja, Valcii/iiui, haffeua, Archte- 

^^cun (restricted), and Fimnlina (restricted to Car- 

*iiferous and Permian). 

The genera Saccaviviiiia (tig. 28) and Fusuliita 

^^S- 29) often form the larger proportion of extensive 

^^ of limestone, as we have already seen, but 

'^'^casionaUy some of the smaller types, as Endothyra 



4 
bo: 



THE FOB.%MIXIFERA 



Hti'l A if.hr/'tliHKiiK, !ire also abnodant in certain lime- 
nUmi-n, tut iMiu:li at), ID fuct, as to merit in the former 
i'.ttMii i\u: niiim: l''i(thtfhijra Limestone (fig. 30). Fre- 
((imritly till! l*'oniifiiiiifera are associated with other 
ur^muMUH, M\i\\ (IK O«tra<;oda, Polyzoa, Corals, and 
MO forth, whicli form tof,'ether an organically derived 
linu'Htoiu', 'i'wo other genera were recorded by 
Mriuly froiii tlm ('iirboniferons System which are 




«>t .■Niwii: ituc'.v<:. >ir.v.t' thty are oharatEctUiio *^' 

01.-VM;'.; -rv:t:;i o! ::;tu-".', UttT ilate, namely. Ann't ■" 
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in elucidating the Liassic foraminiferal fauna. An 

important find* was made by Haeusler some years ago 

in the sandy marls (Oxfordian) of the Canton Aargau, 

in Switzerland, where a remarkable series of Forami- 

iiifera was discovered from the zones of Ammonites 

ifdnsversarius and A. himamviatiis. This fauna 

comprised many nodosarian forms, but the larger 

Pfi't'ti consisted of arenaceous genera, the existing 

^orrns of which usually indicate deep-water conditions. 

^^ xnention some of the arenaceous genera met with, 

^^ may quote PsamDiospltcera^ Astrorhizay Bhabdajn- 

^^'^^a, MarsipellUy Hyperammiim^ Lituola^ ReophaXy 

■^^^^i^lopJu'agmmm, HaplosticJie, Placopsiliiiay Tro- 

^'^'^^^mmijia, A mmodiscus^ Hormosiiiay Webbiruiy 

j-^^urammina, Textulariay Bigenerinay and Valvalina, 

In the Oxford Clay of Weymouth, in England, the 

V^^cellanous type Nuheciilaria is frequently found 

covering the exterior of large shells, such as Gryphceay 

'^th their ramifying tests. 

The Kimeridge Clay is also prolific in Foramini- 
fera at some localities, the prevailing genera being 
Cristellaria and P^dvinidina. 

The Tithonian beds (Portlandian) of the Continent 
have yielded many interesting genera, notably 
Involutiruiy Haplophi^agrniumy Valvulina, Nodosariay 
Frorulictdaria, and Cristellaria. The facies appears 
to be a transitional fauna between the older and the 
newer Mesozoic strata. 

The Neocomian and Aptian formations, both in 
England and in Germany, contain a comparatively 
sparse foraminiferal fauna, owing to the lithological 
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the species appear to be of Permian age. Quite 
recently Spandel has, however, considerably added 
to the Zechstein foraminiferal fauna, and cites itte 
following additional genera: Hyper ammina^ Cornu- 
spira, Lingxilina^ Frondicidaria^ Vaginuliiia^Marginn- 
lina^ Geinitzella (afterwards changed to Geinitzincz), 
and LiLntLcaviviinu} 

By the presence of forms like Lingulijui, Frnyi- 
dicularia, and Vaginulina we are reminded of the 
prevalent characteristics of the Mesozoic foramini- 
feral faunas, in which the above-named genera are 
conspicuous in increasing abundance as we ascend 
the geological scale. The prototypes of these hyaline 
forms may have been the somewhat irregular and 
subarenaceous isomorphs found in the Carboniferous 
System which have been described by Brady undeT 
the generic names of Stacheia and NodosineUa. 

The Triassic System as a rule is not prolific 
in Foraminifera. The Muschelkalk has pelded 
organisms in some abundance belonging presumablj' 
to the genera Glohigerina and Orbulinu. Giimbei 
has described a fauna from the oldest strata of tb^ 
Bunter Sandstone in the Alps, which is remarkable 
from the fact that it includes two species of Endo- 
thyra, a genus which otherwise is unknown outside 
the Carboniferous System. Associated with Eiido- 
thyra are the following genera, AmmodiscuSy Vah-^^' 
Una, Bnlirnina, and Lingulina, Several gener^? 

* Lunucammina is a modification of Geinitzina in which the vert*^*^ 
axial depression exists only on one side, the other side forming, ^O ^ 
apeak, a rounded dorsal surface. 
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iacluding Nodosaria^ Polyviorpliina^ and Pulvinulina^ 
ha^e been figured by the last-named author from the 
Upper Trias and Rhaetic of the Southern Alps. 

In the topmost or passage beds of the Triassic 

series — the Rhaetic — in England a somewhat rich 

foraminiferal fauna was recently found by the writer, 

io. the marls, black clay, and shelly limestones of 

Wedmore, in Somerset. The marly strata are there 

fi-lled with several species of Stacheia and Nodosi- 

Italia. The black clay yielded Beophax^ Haplophrag- 

folium, AmmodiscuSj Bulimina, and Truncatulina. 

Two hyaline types, Nodosaria and Marginulina, were 

found in the Umestones of the same series. 

In considering the foraminiferal facies of the 
Jurassic system we shaU note the general absence of 
any of the larger Foraminifera, which in other for- 
mations often play an important part in forming 
massive limestones. In the strata which form the 
Ijiassic beds the Foraminifera are for the most part 
found distributed, sometimes in great abundance, in 
^rtain zones of the marls and clays of the series ; 
"Ut they are usually quite microscopic and nearly 
^^Ways in a small proportion to the bulk of the rock, 
^^ny of the genera continue upwards into the Lias 
^ojn the Upper Palaeozoic strata, such as Ainmodiscus, 
^^tplophragmiumy Valvuliiia, and Stacheia. The most 
^^teworthy feature, however, is the great influx of 
*^5^a,line genera and species, the allied types of which 
^^^ only flourish in warm, temperate, and tropical 
^B.s, such as the large Cristellarice, and the flattened 
*c>rTiiB of the same genus, which also bear some 
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relationship to Vaginidina^ and which D'Orbigny d 
scribed under the quasi-generic name of Planulari€::3i.. 
The tiny discoidal Ammodiscus^ so common in tl:«.e 
Carboniferous System, is found profusely in sonn-e 
Liassic clays ; and a related form, though distinct ixi 
internal structure, Involutina, here makes its fir^t 
appearance, and continues nearly to the top of tkie 
Oolitic series (Portlandian), where it finally dis- 
appears, or perhaps gives rise to the more specialised 
Orhitolince of subarenaceous structure, which mak^ 
their appearance in Neocomian strata (0. lenticular i '^ 
and 0. discoidea). Certain of the porcellanous fomx^ ^ 
as SjnrolocHlina (often arenaceous also) and Miliolm^^ j 
are met with in some abundance in the Lias. Tb- 
hyaUne genera are represented by Nodosaria, Met t 
ginulina^ Cristellaria (of which the planulate forms ar 
much in evidence), and Fohjmoiyhina) the rotalin 
chiefly being Tin neat id ina and Pulvimdina. 

In the Oolitic period the Foraminifera were som 
what similar in character to those of the Lias, b 
show a considerable increase in the number of genei* 
and species, whilst towards the top of the series tlx 
fauna shows a certain likeness to those of tb 
Neocomian and Cretaceous strata. Our knowledge ^ 
of the Foraminifera from the Jurassic system cz>i 
Germany and France is due to the indefatigable 
labours of Terquem, whilst Wisniowski and Uhli^ 
have described Polish and Russian deposits contains - 
ing Foraminifera. The Jurassic strata of Englaii<3 
have not, perhaps, received so much attention as the J' 
deserve, but Bradj^ and others have done some wort 
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in elucidating the Liassic foraminiferal fauna. An 

inaportant find *was made by Haeusler some years ago 

in the sandy marls (Oxfordian) of the Canton Aargau, 

in Switzerland, where a remarkable series of Forami- 

aifera was discovered from the zones of Aminoiiites 

transver sarins and A. himammatiis. This fauna 

comprised many nodosarian forms, but the larger 

part consisted of arenaceous genera, the existing 

forms of which usually indicate deep-water conditions. 

To mention some of the arenaceous genera met with, 

We may quote Psamviosphcera^ Astrorhizay Bhabdam- 

^^ina^ Marsipella^ Hyperamininu^ Lituolay ReophaXy 

-^OLploph ragviiunij Haplostiche^ Placopsilinay Tro- 

^^^<xmmina^ A inmodiscns^ Hormosina, Webbinay 

l^fturamminay Textulariay Bigenerinay and Valvulina. 

In the Oxford Clay of Weymouth, in England, the 

Poircellanous type Nubecula ria is frequently found 

^c>^ering the exterior of large shells, such as Gryphcea, 

'^ith their ramifying tests. 

The Kimeridge Clay is also prolific in Foraniini- 
^^xa at some localities, the prevailing genera being 
^TisteUaria and Pulvinulina. 

The Tithonian beds (Portlandian) of the Continent 
tx^ve yielded many interesting genera, notably 
^volutiiuiy Haplophragmiumy Valvulinay Nodosaria, 
rondiculariay and Cristellaria. The facies appears 
^^ be a transitional fauna between the older and the 
^ewer Mesozoic strata. 

The Neocomian and Aptian formations, both in 
England and in Germany, contain a comparatively 
sparse foraminiferal fauna, owing to the hthological 
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conditions of the beds, which comprise a large 
proportion of glauconitic sandy strata. They bear 
evidence, however, in the glauconitic granules, or 
casts, to the former existence of these organisms in 
prodigious abmidance. 

The Neocomian (Urgonian) beds of the Isle of 
Wight, especially the argillaceous and marly strata 
known as the Atherfield Clay, contain many minute 
species of Cristellaria and Pulvimdina^ which occur 
in the succeeding beds of the Albian or Gault in 
other parts in considerable numbers and better 
developed in point of size. 

The Aptian beds of Surrey, locally known as the 
Bargate Stone Beds, contain a rich and varied 
foraminiferal fauna, partly due to the fact that it 
comprises some species which have been derived 
from pre-existent strata in the neighbourhood, of 
Oolitic age. 

At Sandgate the clays of Aptian age also contain 
many species which bear a strong resemblance to 
a Lower Gault facies. 

The Aptian beds of Switzerland have also proved 
to be productive in Foraminifera, and it is in this 
formation that the Orhitolina leiiticularis^ previously 
mentioned, occurs, where it forms a more or less 
massive rock called the Orhitolina Limestone. 

By far the richest foraminiferal beds of the 
Lower Cretaceous are those of Albian age, and the 
Gault clays of England, France, and Gennany have 
furnished several hundred species. Eeuss has very 
thoroughly described the foraminiferal facies of these 
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beds for Germany, and Berthelin for France. An 
idea of the profusion of Foraminifera in this forma- 
tion may be gathered from the fact that in this 
country, from the Folkestone cliffs alone, the writer has 
described 266 species, comprised within 43 genera. 
The Gault fauna embraces among its commoner 
types such genera as Nubecnlaria, MilioUna (Upper 
Gault), Haplophragmiumy AmmodiscuSj Texttdariay 
Ga7idryina, Tritaxia (most frequent in the Upper 
Gault), Bulimina (chiefly in the Upper Gault), iV^orfo- 
sariaj Frondicidaria, Iihabdogo?iium (Upper Gault), 
Vaginulina^ Cristellaria, Globifjerina, Anomalina, and 
Pulvinulina. 

The Red Chalk of Yorkshire and Norfolk is 
apparently the equivalent of certain zones of the 
Upper Gault and Greensand, although so lithologi- 
cally distinct. This is especially borne out by a 
comparison of the Foraminifera. 

The Greensand of New Jersey, a formation of 
equivalent and later ages to those just named, has 
yielded an abundant foraminiferal fauna, and many 
of the species have developed to a comparatively 
large size. They have been studied by Eeuss, 
Woodward, and Bagg, the latter author having 
largely added to the list of late years. 

The Upper Greensand in Devonshire contains a 
chert bed, which in places is almost entirely 
composed of the large tests of Orhitolina concava ; 
and the gravels in the neighbourhood of Haldon 
Hill consist largely of this foraminiferal rock. The 
calcareous shells are in this chert-rock entirely 
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replaced by silica. As a rule, however, the Upper 
Greensand is rather poor in microzoa, and very Uttle 
beyond HaplopJiragmiu?n and Glohigerina is found 
in this formation. 

The so-called ' Cambridge Greensand ' is a 
reman le bed with derived fossils, and even the 
larger part of the Foraminifera, which are abundant 
therein, may owe their origin to the waste of bed-^^ 
equivalent to the Upper Gault. 

From the Cenomanian beds of Bohemia an ii^^j. 
teresting and abundant foraminiferal fauna has be^^^ 
obtained by Perner. 

The Chloritic marl of England contains a shl. ^yy 
fauna, for the larger part possibly derived a-ut/ 
consisting mainly of arenaceous foraminifera. 

The Chalk Marl of England, and its equivalent, 
the Lower Planer limestone, in Westphalia and 
Hanover, contain a rich assemblage of species, 
and have a large percentage of forms common to 
the Upper Gault and Eed Chalk ; this points to 
the long continuance of the conditions which existed 
in earlier times. 

The Grey Chalk of the South of England is no** 
very productive in Foraminifera, and the specimea^ 
are small and apparently starved. 

In the Turonian series the ' Melbourne Eock ' %- ^ 
largely composed of Foraminifera, which may l>^ 
seen in thin sections ; and its equivalent in Ge:«tr- 
many, the Upper Planer Limestone, also yields m^^ 
abundant fauna. The 'chalk without flints ' of tl»^^^ 
country is not so rich in Foraminifera as the si 
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deeding beds, but they have been shown to contain 
^ considerable number of distinct forms. 

The * Chalk rock ' or zone of Holaster j^Ianus is 
U\ England largely constituted of Foraniinifera 
(see fig. 4), principally Textularia glohidosa and 
Grhhigerina cretacea and marginata^ and it is here 
^e seem to obtain a first glimpse of the different 
and varied microzoic fauna so characteristic of the 
Upper Chalk. 

The * Micraster Chalk, with flints,' is in most of 
its zones largely constituted of foraminiferal shells, 
and some forms, like Textularia glohulosa and 
Bolivina strigillata^ are especially characteristic of 
this part of the series. At certain levels the chalk 
is partly replaced by phosphate of lime, and this 
mineral change, to a great extent, has the effect 
of preserving the shells. The flints of this series, 
when hollow, are found to contain a siliceous powder, 
sometimes called * Flint-meal,' which is largely made 
^P of the casts or replacements of Foraminifera and 
other organisms, such as Ostracoda, polyzoa, and 
^lao sponge-spicules. The following species, among 
others, are characteristic of the Upper Chalk fauna, 
^^cluding those mentioned above : Textularia 
^l^cnrreyiSy T. seirata, Gaudrj/ina Jonesiana, Mar- 

m 

fJ^^ulina elongata^ Cristellaria Gaudryana^ FlahelUna 
^^^ffosaj F. omatay F. Baiidouiiiiana, Pohjmorjjhina 

^^^liiiata^ TruncatuUna Clementiaiia, T. Lorneiana, 

^ Rotalia exsculpta. 
"^he White Chalk of the Island of Eiigen has 
^^^ productive in Foraminifera, and Marsson has 
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described the fauna in detail. Wright has dealt 
with the Irish foraminiferal chalk, and the material 
on which his work has been based is the flint meal 
found in the pot stones or paramoudras of Ireland, 
the chalk itself being usually so hardened by the 
proximity of the basalt flows that it is impossible to 
deal with it like our ordinary soft wricing chalk. 

In Australia the borings into the cretaceous of 
the central territories have given Howchin oppor- 
tunity to record a fairly rich fauna, comprising the 
genera Higmo'ilhw^ Hijperaviviina^ lleophaxy Haplo- 
j)hragmiif7n, Placojmli?ia, Thuravmiina^ Ammodiscus^ 
Bigenerinay Verneicilhm, Gmidryinay Lagena, Nodo- 
sariay L ing ulina, Frondicularia , Vagmiilinay Mar- 
gmn Ima, Cristellaria , Polyinorphinay Spirillina, 
PateUuia, Discorbina, Anomalina, Truncatidina^ and 
Pulvinulina. 

The Chalk of Maestricht is rich in Foraminifera, 
and the facies there met with is peculiar, for there 
is a large preponderance of genera which are 
characteristic of Eocene and Miocene strata else- 
where, as, for example, OrbitoliteSy Calcarhiaj 
Ainphistegina, Operculiua, and Orhitoides (sub-genus 
LepidocijcUna), 

In the London Basin Foraminifera occur in 
nearly all the members of the Lower Eocene. The 
Thanet sands in their more argillaceous strata in 
Kent have afforded many species, which have 
been described by Burrows and Holland. The 
Foraminifera show a marked difference in the facies 
from that of the highest mesozoic strata, but 
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resemble in many points the Liassic series, and also 
parts of the Gault, in containing a large proportion 
of planulate Crutellci/ricp, which points to similarity 
in the conditions of habitat. The Thanet beds also 
contain many Rotalines and the beaded form of 

Cristellaria {C. fragraria)^ which are later found in 

the London Clay of London and Sheppey in some 

abundance. 

The clays of the Woolwich and Eeading series, 

consisting as they do of estuarine muds with much 

ferruginous material, have not yielded more than 

« 

a few starved species, mainly of Rotalines, which 
the author has noticed in certain samples from 
Dorsetshire. 

In the London Clay, both in the London and 
Hampshire Basins, we find a rich and varied 
foraminiferal fauna. This formation is now held 
by some geologists to belong to the Middle rather 
than the Lower Eocene period ; the presence and 
distribution of the Nummulites and other Fora- 
minifera in equivalent strata elsewhere, however, do 
not bear out this assumptioh. The equivalent strata 
to the London Clay in the Paris Basin are the 
Ypresien beds, containing NnmmuUtes 2)lanulata. 

The Middle Eocene also embraces the Brackles- 
ham Beds, which in the South of England contain a 
stratum with Nummulites Icevigafus, associated with 
a smaller species, N. scabra; N. variola ria also 
occurs in the upper part of this series. Besides 
these Nummulites there are a few species of Bilo- 
ctilina^ Miliolina, and some Rotalines, as Discorbina 
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troehidi/ormis. Jast off Selsey a patch of partiaL^ 
sabmerged rocks called the ' Mixens ' occurs, whi^:;^. 
is a hard foraminiferal bed composed almost entire- J 
of Miliolina and Atreolina, and which was used jj 
bnilding the old Selsev chorchjard wall. 

The ' Calcairp grossier ' beds of the Paris Basii: 
are of the same age as those just described, £«.nd 
contain a similar foraminiferal famia, with the a^di- 




Fiii. :U. — MiijriLJS'A Ldceston-e iM. TBIoom;!.!); EoCESt. 
Pakis Hamn. Original. 

tion of OrhifvUles. The preponderance of MiUotif'i 
(Pent ell ilia saxonim and other species) in this rocii, 
which has been extensively utiUsed as a biiildiiiK 
stone for Paris, has given rise to its name ' Miliolilic 
Limestone ' (fig. 31). 

The Upper Eocene of the Hampshire Basin con- 
tains, in the Barton Beds, certain strata which yield 
in abundance the small species of nummulites, ^^ 
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elerffim and N. variolaria, and these species also 
occur in the equivalent beds, the ' Sables Moyens ' 
o{ the Paris Tertiary. 

The Umestones formed chiefly of miminulites are 
developed to a large extent on the Continent, and 
tb.ey form a broad but interrupted series extending 
right across the region of the Old World. In the 
South of France, at Biarritz, the Nummnlitic series 




4 s more than 3,000 feet thick. In the South and 
^outh-East Alps the Niimmulitie limestone series is 
Xvell developed, and they are associated wUh. AlrcoUno. 
~lvi the Northern Apennines the Middle Eocene con- 
tains Nummiditcs Bianitzcnsis, N. Lamarcki, N. 
Lncasana, AHsHina, Opcicidina, and Alceulhta ; the 
Upper Eocene contains Numnmliles stridta, X. I'chi- 
hatcheffi, and Orbifoides radians. 
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The Kressenberg inlier, in Bavaria, consisting c:» 
the Lower NummuHtic series, has yielded a ver^ 
rich foraminiferal fauna. The nnmmulites ther-< 
and in Austria are of an exceptionally large siz^. 
The Kressenberg series also contains numeroui.i 
species of Orhitoides, which, from that locahty. 
have been principally worked out by Giimbel. 

The Nummulitic senes in Egypt constitute 




the greater part of the Eocene limestones. It is 
divided into three stages, the Libyan or Lower 
Eocene, the Mokattani or Middle Eocene, and the 
Bartonian or Upper Eocene ; each of these contains 
certain characteristic groups of nummulites, which 
are of much value in the determination of the various 
horizons. The nummuHtes attain their greatest 
development and abundance in beds of Middle 
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'Ocene age, as they do in many otJier places, 
ssociated with these are other genera, such as 
^tfrijutegiiia (fig, 3"2), Ope re ill in a, and AlifdVimi 
X- 33), and sometimes by their abundance they 
m limestones almost wholly consisting of one 
-ticular form. 
The Eocene nummulitic beds extend into the 
lai Peninsula (fig. 34), and thence to other parts 




Fio. 34.- 



Vsia. In India the nummiilites and other Foranii- 
'Ta form massive beds of liniestone, often con- 
Xiting the greater part of some of the moinitaiii 
^es. By a process of folding and crumpling these 
-s of limestone have been elevated, so as to form 
ae of the highest mountain crests, attaining in 
ne cases an altitude of 1G,000 feet. The lower part 
the Nummulitic Series in Hind is represented by 
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the Ranikot beds, coiitaiuing Nummulifes sjiim, X. 
irreyularis, and N. Lei/meriei ; and this is followed 
by the Kirthar Group, with N. GaransenHiH, also a 
European species, and N. siib-tarigata, apparentlv 
confined to India. The nunimulites are here asso- 
ciated with large species of Alveolina and Orhitoiiks^ 

In the Oligocene strata in Germany the beds ar^£ 
often richly foraminiferal, and the Septarian Cla^^ 




of Hornisdorf and other locaUties has yielded ** 
prolitic fauna. In this country the Oligocene i ^ 
not su productive, since the beds are for the maii-^ 
part of fresh-water or fluvio-marine character*^ • 
From the Isle of Wight a small series, chieHy r^' 
presented by MiUolina and Pohjmorphitia, has bee*-^ 
obtained by the writer. The Malta tertiary beds are 
in part of Oligocene age, and many of the beds there 
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s Well as in Jamaica, in the West Indies, contain 
n abiandance of Orbitoides. 

J- lie Miocene System in the Vienna Basin is verj' 
o<ivic?tive of Foraminifera, and a rich asseniblage has 
^^^ clescribed by D'Orbigny, and later by Karrer. 
^^ Aliocene Clays and sands of Muddy Creek and 
^^rit Gambler, in Victoria, Austraha, have yielded 
' **-l>\andant fauna, and the specimens are well 




^^^n and comparable in many respects with the 
specimens from Jamaica, as well as those of Java 
^^^ Christmas Island (fig. 35). In the United States 
^6 Miocene of Maryland and Virginia have been 
P^'OVed to be rich in these organisms. The upper 
*®ties in Malta, which are of Miocene age, contain 
Vast number of a large variety of Hctcrostegina. 
** Italy the richly fossiUferous tertiaries are partly 
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of Miocene age, but there the Phoeene strata are 
mostly in e\ddence, containing an abundant foramini- 
feral fauna. A limestone of foraminiferal origin, chiefly 
consisting of Conulifes, and doubtfully of Miocene age, 
has lately been described from the neighbourhood of 
Cairo (fig. 36). 

The Older Pliocene of Ital}^ as described bj 
Costa, Terrigi, Fornasini, and Egger, has a remark- 
able fauna, and the interesting deposit of blue sand.^ 
clay at St. Erth, Cornwall, as elucidated by Milletl, 
is in many respects comparable with those becls, 
especially with the deposits at Bordighera. 

The Pliocene of England, in East Angha, lias 
been productive of an extensive series of distinct forais? 
both from the Bed and the Coralline Crags. 

The Tertiary clays of California are possibly 
of Pliocene age, and also the richly fossiliferous 
Globifjerina -m^rls of Barbados, although the latter 
deposits have certain affinities with Miocene and 
even Oligocene faunas. 

The foraminiferal deposit of Wanganui, in New 
Zealand, a green sandy shell-marl, also calls for 
special note, on account of its richness in these 
fossils. 

Up to the top of the Pliocene S3^stem the various 
tertiary faunas, although represented for the main 
part by species now living in various parts of the 
ocean, are yet differentiated from the foraminiferal 
facies still existing near those localities by the 
influences which changes of climate and altera- 
tion in the coast lines or the trend of the mud 
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Enes, their chief feeding ground, have borne upon 

them. 

The Post- pliocene and Estuarine deposits of the 
Raised Beaches and the recently emerged tracts of 
land have little to show in their facies of a different 
character, excepting what might result from slight 
ctaiiges of climate or in the nature of the sea-floor, 
^Wdenced in the greater or less development of the 

^o^niiuiferal shells. 
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CHAPTER XVIII 

THE GEOCtRAPHICAL DISTRIBUTION OF FORAAJIXIFEI • ^^ 
AVITH REMARKS OX THE ACCOMPANYING CONDITIO :^f 
OF TE^rPERATlRE, DEPTH, AND GENERAL ENMRO ^' 
MENT ^ 

FoRAMixii'ERA are largel}' influenced by the tem^exir^^'^ 
ture of the water in which they hve, and therefore J^ 
will not be surprising to find that different latitude^" ^ 
have their own pecuHar assemblages of species, an ^^ 
that the foraininiferal faunas of the colder region^ ^ 
are in many respects unlike those of the wanne--^ 
areas. This difference is naturall}' more noticeable 
in the case of bottom-living species from shaUow 
water, for the surface waters of high and low lati- 
tudes present a wider range of temperature than 
the water of similar areas at greater depths. Then, 
again, the distribution of the equatorial and other 
warm surface currents has a marked influence 
on the surface-Hving organisms, as wall be seen 
later on. 

Some genera, and even species of living Fora- 
minifera, an^ cosmopolitan, like MilioVnia scmifuilufn 
and X(}/ii(Uiiii(( dcpresHuJn^ which are found in almost 
e(iual abundance on the shores of the British Islands 
and in the eciuatorial waters of the Pacific. Others 
again are restrict(^d to certain areas, as, for example, 
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sorrie of the larger Nodosarice, which are found in the 

West Indies ; Alveolina^ recorded from the equatorial 

parts of the Indian and Pacific Ocean ; or Cyclo- 

cli/j)ei(Sj which is found in a few widely separated 

localities, ofiE Borneo, Solomon Islands, the Fijis, and 

Fianafuti. 

In studying the question of distribution we shall 
fixid that each distinct kind of sea-bottom contains its 
o^rV^n group of organisms, microscopic and otherwise. 
I'o take the well-known example of the Glohujerina 
Ooze, this for the most part, in typical samples, is 
cc>inposed of the shells of the pelagic or surface- 
ti^ving Foraminifera, viz. Globirjerina, accompanied b}' 
^liher pelagic genera, as Sj^hceroidina and Fulvinulina^ 
^^sociated frequently with an admixture of bottom- 
rying forms, such as lieophax^ CrisfcUaria, Truncatu- 
^ina^ and liotalia. In order to gain a clear idea of the 
Association of Foraminifera in the various kinds of 
deposits now being formed either in deep oceanic 
areas or on the shallower continental slopes, we shall 
now proceed to select typical examples of such de- 
posits from high and low latitudes. 1 

The two principal types of foraminiferal deposits 
are the Pelagic Deposits^ formed in deep water, far 
removed from land, and the Terr'Kjenous Deposits^ 
formed in moderately deep and shallow water closer 
to land masses. 

The bottom areas of deep-sea deposits have a tem- 
perature below 40° F., but little subject to variation, 
and then only when in proximity to the 100-fathom 
line. An idea of the range of temperature in the 
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water of tropical areas may be seen by the observa- 
tions made by the ' Challenger ' in the South 
Atlantic Ocean near the equator. Whilst the tempe- 
rature of the surface water varies between 76° and 80'', 
at a depth of 300 fathoms it is only 40° ; and in the 
deeper parts of the same area it is as low as 32-4''. 

Pelagic Deposits. 

Glohifjerma Ooze is the name which was given to 
the fine, sticky, calcareous mud brought up by the 
sounding apparatus when testing the ocean contours 
in order to lay the cables for the electric telegraph. 
It owes its distinctive name to the comparatively 
large proportion of shells of Globir/entia hulloides 
and other pelagic Foniminifera of which the deposit 
largely consists. The dried ooze varies from white, 
yellow, or rose colour to browai or grey, and it is, 
obviously, of a darker tint when wet. Those deposits 
which contain more than 30 per cent, of material 
directly due to the shells of Glohicjerina were classed 
by the ' Challenger' naturalists as (Uohigerina oozes. 
Besides the pelagic Foraminifera this ooze generallj- 
contains a variable quantity of the minute algal bodies 
known as coccospheres and coccoliths, and rhabdo- 
spheres and rhabdoliths, together w4th a small pro- 
portion of amorphous, calcareous, or earthy matter. 

The (i/ohif/cn'/ut oozes, according to the 'Chal- 
lenger ' statistics, range in depth from 400 to i2,92o 
fathoms ; but they occur chiefly and typically within 
the limits of 1,500 to '2/)00 fathoms. 
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Glohigerina ooze is one of the most widely dis- 
tributed of the marine deposits, and its importance 
as a recent foraminiferal deposit may be conceived 
from the fact that it covers an area of the ocean 
floors estimated at 49,000,000 square miles. The 
pelagic species found in these oozes aVe— 

Glohujerina -sd ecu I if era, Brady : 
(t. a'fjuilaferalis, Brady ; 
G. con<jl()hata^ Brady ; 
G, dubia, Egger ; 
G. ruhra^ D'Orbigny ; 
Gr. huUoiden, D'Orbigny; 
G. inJJata, D'Orbigny ; 
G. di(jitataj lirady ; 

G. subcretaceaj Cha^^imni MS. { = virtacea of recent 
deposits) ; 

G. Dtitcrtrci, Brady : 

Orhuluia nnircr.sd, D'Orbigny ; 

Hastiger'nia jjcfcifjica^ D'Orbigny sp. ; 

PullenUi ohliquibn'iildiit^ Parker and Jones ; 

Sphceroid ina delu'sccji-s, J-*arker and Jcmes ; 

Cfftideina lufida, D'Orbigny ; 

Cjjnihalopora {Trctomiduiln-s) huUoide-s^ D'Orbigny 



sp. 



PN/ciiuilina Met/ardii, D'Orbign}" sp. ; 

P. tumidaj Brady; 

P. caiuu'icN.si.s, D'Orbigny sp. ; 

P. Miclielinidita^ D'Orbigny sp. ; and 

P. cransa^ D'()rbigny sp. 

The influence of surface temperature on the 
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pelagic fauna is seen in the fact that Globigerina 
ooze is especially developed in those areas where the 
surface of the sea is traversed b}" warm currents; aad 
where it is found in the Arctic regions is principally? 
in the track of the Gulf Stream. Therefore, as migbx^ 
naturally be expected, Glohigerina ooze is found moir^ 
abundantly in tropical areas and at greater deptlrm^ 
than in the higher latitudes in colder areas. 

To take as an example a specimen of Glohujeru — ifl 
ooze from a comparatively high latitude in tl — De 
northern hemisphere, the following sounding from tM__ie 
^ Challenger ' series may be quoted : — 






' StafioN 7G.— July 3, 1873. Lat. 38° ir N., lo 
27' 0' W. Off the Azores. Depth, 900 fathoni_s; 
bottom temperature, 4-2'' C. (39-5'' F.) ; GlohUjert /la 
Ooze. 

' Contains small stones, pteropods, and a good deal 
of coarse stuff. In addition to Glohigerina and the 
pelagic Pnlvinuliiuc the more noteworthy species 
belong to the genera Biloculiiia, Miliolitia, Crinffel- 
laria^ Truncatidina^ liupcrtid, Haplophragminfftj 
Trochatfi))iin(ij and Honno.sina,' 

The following may be quoted as an example of a 
Glohigerina ooze from a high latitude in the southern 
hemisphere : — 

' Station 146.— December 29, 1873. Lat. 40" 46' S, 
long. 45^' 31' E. Depth, 1,375 fathoms ; bottom tem- 
perature, 1-5° C. (34-7' F.) ; Glohigerina ooze. 

' A greyish -white nmd with fragments of echinus 
tests, spines, etc. Chiefly made up of Glohigerina 
hulloide,^ and G. inflata. Of the surface PulcinnUm 
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the comparatively uncommon P. crassa appears to 
preponderate in this locality. Arenaceous Foramini- 
fera are almost entirely wanting. The occurrence of 
two or three specimens of Clavuli)ia cotnttuDiis 
foruis perhaps the most interesting feature in the 
dredging.' 

As a typical specimen of Gloljif/erina ooze from [i 
position nearly under the equator in mid-ocean we 
nia.y quote the ' Challenger ' sounding. 

'Station 271.— S. Pacific. Lat. 0"^ 33' S., long. 
1-31^ 34' W. Depth, 2,425 fathoms; bottom tem- 
perature, 1-0^ C. (33-8° F.)' 

* This deposit contains a large proportion of 
^adiolaria. 

* The larger Foraminifera were chiefly of two 
species, Pu lien ia ohliq u Horn la ta and Pair in ulina 
^^^ Alicia. All the common varieties of Glohigerina 
^^'^re present, together with such genera as Lageita^ 
^oclosaria, Trnncatulina^ and Nonionina ; but per- 
^Hips the species most characteristic of the locality 
^ere Pulvinulina favus and Ehrcnhercjina .serrata.' 

Pteropod Ooze. — The foraminiferal fauna of a 
5^teropod ooze largely depends upon the position of 
the deposit, whether in proximity to land or far 
Removed from any coast line. This is shown by the 
ioUowing soundings taken by the ' Challenger,' in 
which, in the one case, where the deposit was formed 
at a considerable distance from the land, the fauna 
was restricted to an almost purely pelagic series, 
chiefly of (rlohigerincr^ whilst, on the other hand, 
the series obtained from a rich calcareous, pteropod 
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ooze, from moderately deep water, not far from lani 
masses, yielded no less than 177 species, mainly o :f 
bottom-living Foraminifera. 

' Ptewpod Oox 6'.— Station 337. March 19, 187e3.. 
South Atlantic. Lat. 24° 38' S., long. 13° 30' \V^ . 
Depth, 1,240 fathoms; bottom temperature, 2'o CJ2. 
(36*5° F.) The washed material consisted chiefl zy 
of Pteropod shells, and the Foraminifera preser«™.t 
belonged exclusively to surface species. Among^^t 
the latter are most of the known forms of Glohigeriiu 
and of pelagic PitlrinuUnce, together with a considei 
able number of Hastujerhue and Candeince.^ 

'Pteropod .SV//^ ^7.— Station 24. March 25, 187? 
Off Culebra Island, X. of St. Thomas's, West Indie: 
Depth, 390 fathoms. White material, with lar< 
numbers of Pteropod shells. Very rich in Foram 
nifera, particularly in the larger forms of Nodomriin^^^^' 
and Textnlari'uKc^ and in arenaceous types. Of th^^*^ 
former the genera NodoHaria^ Lifujitlina, FroNdici '' 
laria^ and Cristc/hiria are represented by remarkabU^y 
fine examples ; the Textularian group contribut^^^^ 
specimens of Tcjfulai'ia^ Paconina^ Bujenerinrr^^^^^ 
VerneuiJhia^ and Chicidina^ which are equall-^^^J 
noteworthy, whilst the Arenacea furnish Phahdai)^ "^" 
fnifui, HyjH'i'dnuniiKi^ ([//clammhta^ and Ammodi.HCU!n=^-^'f 
together with many of the smaller forms ; and th -^ 
Porcellanea are conspicuous in Orhiculina and largi 
13iloci(J'i)ia\' 

This latter deposit also contains many pelagic 
species not enumerated in the above diagnosis given 
by Dr. Brady. The deposit, however, migliL equally 
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well be classed with terrigenous deposits, on account 
of its proximity to the land. 

Red Clay, — The Foraminifera of the Ked Clay 

dex:>osits of the ' Challenger ' collection have been 

eiixinierated by Brady, who records 182 species. The 

fiiiana, as a whole, consists largely of pelagic species, 

with an admixture of arenaceous deep-sea forms. A 

conspicuous feature of some of these deposits is the 

abundance of delicate-shelled Lacicnce^ many of them 

^>^ceedingly beautiful in their superficial ornament. 

^^oncte of the deeper Globiyerina oozes, approaching 

^he lied Clays in character, from the Pacific Ocean 

^^ the neighbourhood of the Ellice Islands, have 

l^een found by the author to contain similar delicate 

^ oraminifera of the same genus. 

Certain of the MilioUiue of the Ked Clay deposits 
*^^ve their calcareous tests replaced by a thin siliceous 

TKiuuGKNors Deposits. 

The variously coloured Blue, Ked, and Green Muds 
^vhich are found near the coast lines of continents or 
^>ther land masses, and which almost directly owe 
their origin to the wearing down of the land surfaces 
% rivers and the coast line by the action of the 
waves and tide, possess a foraminiferal fauna some- 
what peculiar to these accumulations. There is a 
marked scarcity of calcareous material to be fre- 
quently noticed in the conditions under which they 
are formed, and this, consequently, has a direct effect 
on the shell-structure of the organisms found there, 
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showing a prevalence of certain generic types best 
fitted for those particular conditions. 

In the terrigenous deposits we find, for example, 
the thin-shelled Foraminifera, as Lagena, Bolivina, 
BuU?nina, and certain small forms of Ghhigerina 
usually predominant, whilst porcellanous forms are 
restricted to those which have a thin shell-walJ, 
or one constructed of tine arenaceous material. 

For an example of a terrigenous deposit of this 
description we may quote a sample collected by the 
U.S. Fish Commission steamer * Albatross ' east of 
Mariato Point, Gulf of Panama. This was a Green 
Mud dredged from G95 fathoms. The chief forami- 
niferal contents, enumerated by Dr. Axel Goes, are 
as follows: Haplophragniium canariense, D'Orb. sp. ; 
TextuJaria sagittula^ var. ctineiforniLsj D'Orb. ; Boli- 
rAna punctata^ D'Orb.; B/difninn ellipsoideH^ Costa; 
ClieiloHtomeUa oroidea, lieuss ; Lagena marginaia^ 
\V. and B. ; Nodosaria raphanus, Linn6 sp. ; Uvigerina 
pjigvuea^ D'Orb.; U. Anheriana, D'Orb.; Trunca- 
tnlina Wuellerstorfi, Schwager sp. ; T. miindnla, 
Brady, Parker, and Jones ; Botalia Soldanii, D'Orb. 
sp. ; and a few pelagic species, as Glohigenna dubia^ 
Egger. 

The Greensands largely consist of green granules, 
which on minute examination prove to be casts of 
P'oraminifera in Glauconite. In some samples of 
Greensands the tests still remain, but more often 
they speedily decay and only the cast is left. The 
following is Dr. Brady's description of the note- 
worthy ' Challenger ' sounding of Greensand oJBE 
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ydney at 410 fathoms. The deposit resembles a 
ey ooze : — 

'The organisms contained in the material from 
lis station are infiltrated in a very remarkable 
lanner with a siliceous mineral (Glauconite), and 
Y decalcifying with weak acid perfect casts of the 
lambers of most of the Foraminifera of a connnon 
lohigerina ooze may be obtained. The list of 
>ecies is a tolerably long one, and contains an 
imixture of some shallow-water forms, but other- 
ise presents nothing very distinctive.' 

In consideration of the fact that Greensands 
^cur as important foraminiferal deposits in various 
Bological systems it is interesting to note that at 
le present day these deposits are never found deeper 
lan 900 fathoms, whilst their average depth is 
19 fathoms. For the formation of these deposits it 
lems essential that they should be within the in- 
lence of marine currents by which the sands are set 
motion. Extensive deposits of Greensands are met 
ith oflE the coast of California, the east coast of 
. America, the Cape of Good Hope, to the east 

Africa, and oflE the coasts of Portugal, South 
nerica, Japan, and Australia. 

The deposits forming round coral islands in the 
icific and Indian Oceans are known as Coral Mmh 
id Coral Sand. They are largely made up of the 
ganisms which live in great numbers in such locali- 
js, as, for example, the Calcareous Alga^, various 
^raminifera, Alcyonarians, Corals, Molluscs, Poly- 
a, Annelids, and Echinoderms. 
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These deposits of Coral Mud and Sand only dififer 
from one another in the former containing a larger 
percentage of fine amorphous matter, chiefly car- 
bonate of lime, whilst the coral sand, occurring 
generally at less depths, consists of organic particles, 
with a small or almost inappreciable quantity of fine 
material. 

The Coral Sands, forming on the slopes and shoals 
of the reef, are sorted and sifted by wave action, and 
consolidated sometimes by the deposition of calcareous 
cement, or by the growth of Lithothamnion and 
encrusting Foraminifera ; the latter often covering 
patches of the sand measuring as much as five 
inches across, and due to the continuous growth of 
one particular organism — the remarkable Pohjtre7?m 
planum of Carter. 

The proportion of the Coral Sand actually due to 
the remains of corals is usually very small, and there- 
fore the term must be regarded as indicative ol 
association rather than of composition. 

The foraminiferal fauna of the Coral Sands 
presents many features of interest, and the assem- 
blages formed under the conditions associated with 
reef-building organisms often have a distinct character 
by themselves. We may find under favourable and 
variable conditions, such as these, an extensive series 
of foraminiferal forms, inaiij' of the shells being of 
great delicacy and beauty. 

One of the most remarkable foraminiferal 
deposits of Coral Sand was dredged from Raine's 
Islet, Torres Strait, at 155 fathoms, by the • 
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3nger.' This material has yielded in the 
of Dr. Brady and others no less than 269 

and varieties of the Foraminifera alone, 
ning this Brady says : ' Amongst the many 
)rms are the following : — Lagena spiralis^ 
I Hertwigiiy and Lagena Schulzeana ; Cristel- 
mimata and Cristellaria tricarinella ; Sagraina 
I ; Pidvimdina procei'a and Pulvinalina 
)ersu ; Truncatulina ^;r^ci«c^a, Rnpertia 
'sta, Textularia crispata, Textularia folium^ 
extulariu transversaria ; Pavonina fiabelli- 
Chrysalidina dimorpha, Spiroplecta aiinecten^j 
dina calahra^ Coniuspira sulcata^ and Cornu- 
%rinata' 

3 dredgings made by the Coral Eeef Expedi- 
mnd Funafuti, in the Pacific, have yielded 
n more extensive fauna than the above, for 
jnber of species found there is over 300, 
it which many large reef-living species are 
luous, such as Carpeideria rhajyhidodendron^ 
ina planum^ and Cyclochjpeus CarpenteH. 
ach sands of the coral islands in the Pacific 
letimes entirely composed of a few genera of 
nifera in extraordinary abundance, such as 
stegina Lessonii, Heterostegina depressa^ Polg- 
viiniaceuviy Tinoponis bacidatus, Orhitolites 
?iata, Carpenteria vwnticidaris, Gypsina glohu- 
Icarina hlspida, and Miliolinu reticulata. 
) Shore Sands of temperate and colder areas 

fauna peculiar to themselves. The dis- 
m of the various genera and species is depen- 

u 
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dent upon several factors in their conditions of 
existence, such as the surface and bottom temperatures 
of the water ; the presence of warmer or colder 
currents, as, for example, in the Faroe Channel, 
which, being on the border line between the warm and 
cold areas, presents a special feature in its foramini- 
f eral fauna ; the'proximity of limestone cliflEs ; and the 
nature of the surrounding sea bottom. As it has 
already been remarked, a certain proportion of species 
are cosmopoUtan in their habits, being found alike in 
shallow and deep water ; and in both high and low 
latitudes. On this statement, however, there must be. 
placed a certain amount of reservation, for there is 
generally some varietal diflEerence even in these ul>i- 
quitous forms when they are found existing undLer 
extreme conditions. 
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CHAPTER XIX 

N THE COLLECTION, EXAMINATION, AND MOUNTING OF 

FORAMINIFERA 

N taking up the study of Foraminifera it will be 
ound impossible to confine ourselves either to the 
ecent or fossil forms, for, in order to learn something 
•f this group of animals, more especially with regard 
> the morphology of the shell, one must be 
-quainted with their occurrence as fossils in the 
ays, shales, and limestones, as well as in their 
ore recent condition, whether in deep-sea oozes or 
shore sands. 

On the Collection of Living Foraviinifera. — The 
i^ace of the ocean is in places teeming with 
lagic life, especially in the tracts occupied by the 
firmer currents, as well as the more extensive areas 
tropical waters ; and this plankton fauna contains 
Very large proportion of pelagic Foraminifera, as 
■ lohigerina^ rhn Una, Hastigerinay Sphceroidinay 
^nlleniuy and Pidvinnlina. The dead shells of these 
(enera are continually falling through the water to 
orm the bottom ooze of the ocean floor. 

The usual method of collecting the living 
rlohigerinm and other pelagic forms of hfe is by 
16 use of the ordinary surface tow net (fig. 37). 
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The net is made of coarse cloth to form a long 
bag, with an iron hoop of 1 foot to 18 inches in 
diameter at the mouth. On board the * Challenger ' 
these tow-nets were dragged either from the ship or 
from small boats lowered for the purpose ; and by 
this means the beautiful specimens of living Glohi- 
gerincB and OrhuUncey beset with their long and deli- 
cate spines, were collected, figures of which are given 
in the Keport on the Eesults, vol. ix. plates Ixxvii. 
Ixxviii. 

Ordinary deep-sea dredges or beam trawls are 
used at varying depths for collecting the oceanic 
bottom deposits ; for a great many species of Forami- 




Fio. 37. — The Tow -net in Use (from * Rep. on Deep-sea Deposits *). 

nifera habitually live on the ocean floor, where they 
creep over the surface objects on the mud or sand ac- 
cumulations, or attach themselves to the seaweeds, 
stems of hydrozoa, or the long spicules of sponges, such 
'ii^Hijalo7ie?na. To make the dredge effective in bring- 
ing up the fine oozy material, a piece of fine cloth is 
tacked on to the inside of the dredge at the bottom. 
In shallow water, Foraminifera in the li^ang con- 
dition can be collected from seaweed, and the lami- 
narian zone round the coasts of Britain furnishes us 
with a good collecting ground. Mr. Halkyard desc ribes 
the method of procedure as follows : — 
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' Living Foraminifera may be found by washing 
in a fine muslin net the small seaweeds and 
zoophytes growing in low-tide pools. The manner 
of using the net is as follows : a quantity of weeds, 
(fee., having been gathered, the net is immersed in a 
pool (care must, however, be taken that the upper 
edge of the net is kept above water), the weeds 
being washed one by one inside it ; after this is done 
the contents of the net are turned into a large wide- 
naouthed bottle full of sea water, for examination on 
the return home. Of course many other organisms 
besides Foraminifera will be found in this gathering, 
such as Ostracoda, Copepoda, and other small crus- 
taceans, which do not make the work any the less 
interesting.' 

If we place the seaweed or the washed-out 
i^aaterial into small glass jars or tubes of sea- water, 
the Foraminifera will travel to the sides and creep 
^bout by means of their pseudopodia. They can 
then be transferred to the stage aquarium for obser- 
vation by means of dipping tubes. The latter may 
Easily be made by drawing out an ordinary piece of 
§lass tubing in the gas flame, and can be used either 
straight or curved according to requirements 

(fig. 38). 

The following account of the method of collect- 
ing living Foraminifera, especially from a silty area 
like the Dee estuary, is given by Mr. Siddall, who 
has had considerable experience in collecting and 
observing these little organisms. Concerning the 
Foraminifera obtained he says : ' These have in- 
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variably been got from the mud at the bottom 
of shore pools of greater or less depth. Under 
the iiitiuence of the sunlight the Diatoms and 
other algffi, which grow in the mud at the bottom 
of such pools, often rise to the surface in patches. 
These act as rafts and carry the Bhizopoda up 
with them. Once up, the outspread pseudopodia 



/U 



'i"s Forms or Pirpisi; Tubes. 



t'luiblo t'Vt'ii the liirjiest and heaviest forms got 
ill our distrivt to float perfectly. I have seen 
a sliurt' ptt(.il lit Holywt'U I'overed quite thickly 
Avith l\>lij»toindla ■■<tiiatuf'Httchtta (the commonest 
form in the Dt-o). it* reddish-coloured sarcode 
rendering it easy to dii^tiuguish on the surface of 
the water.' 
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Regarding the collection of foraminiferal material 
from the locahty in question Mr. Siddall states 
that ' they may always be got by carefully scrap- 
ing the surface of the velvety brownish mud at the 
bottom of pools left by the tide, or by skimming the 
top of the water, if this mud be found to have risen 
under the influence of sunhght. The oozy mud may 
be got rid of by washing through a muslin net, and 
the residuum put into small bottles filled with sea- 
water.' 




— bTAOK AQDABIUM FOK OBSBRTItiO 
L I VINO FORAUIMFERA. 

One of the best contrivances for exhibiting the 
Foraminifera alive is a glass cell made in the follow- 
ing manner : A thin plate glass shde measuring 
about .3 in. X 2 in. is taken to form one side of the 
cell. Next a piece of glass rod, such as that used for 
stirring purposes, is bent up into a U-shaped form, 
the sides of which are ground flat with emery and 
water. This bent rod is cemented to the glass plate 
by one of the flat surfaces with marine glue or india- 
rubber cement. Another piece of thin plate glass, of 
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the outer form of the U-shaped rod, is then fasten^^ 
to the other side, and the cell is complete (fig. dO)- 
Another method is to cement a glass slide throu^l^ 
which a hole has been drilled to another slide of tl^:^ 
same size, the top of the cell being covered with ^ 
thin glass. For a cell of small dimensions tbi^ 
following can be quickly made : A vulcanite ring i s 
split in halves and one of the semicircular pieces 
cemented to a 3" x 1" glass slip. The upper wall of 
the cell is made by affixing half of a circular cov^r 
glass (cut with the point of a writing diamond) witrh 
india-rubber cement. 

When the object is placed in a cell of tixis 
description with sea-water, it may be viewed eitlxer 
as a transparency, in which case, however, fcte 
extended pseudopodia are seen with some diffi- 
culty, or as an opaque objec.t under a spot lens, 
or a parabolic reflector. The latter method gives a 
much better result, for the streaming of the proto- 
plasm along the pseudopodia is well sHown in this 
way. At times the living Foraminifera seem ver^ 
shy, and refuse to extrude the sarcode througri^ 
the shell, but if left undisturbed for a short tii»— ^ 
one is often rewarded by the beautiful phenomeno^^^ 
of the living rhizopod with its extended pseudopodia^ 
The common shallow-water species Polystomdl^ 
crispa makes a very good subject for such observj 
tion. 

Oil the Collection and Prejjaration of Becent an- ^^ 
Suh-recent Foraminifera, — The deep-sea oozes ar:^*^ 
principally obtained by the sounding apparatus ai 
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deep-sea dredges. Samples of these deposits we may 
be fortunate enough to secure from the ofl&cers of the 
various expeditions which have been sent out from 
time to time, or from the cable-laying companies. 
These deep-sea oozes and muds require to be cleansed 
from the finer impalpable deposit of coccoliths by 
hashing through a sieve. In order to retain the 
srnallest Foraminifera the sieve should be covered at 
the bottom with miller's silk, having about 200 
^^eshes to the inch. The contents of the sieve, after 
^ashing away the finest mud, should be slowly and 
carefully dried, ready for examination with the micro- 
scope. If the material to be washed contains many 
^oaTse fragments, we must use a sieve of a larger 
^^^esh, say 30 or 60 to the inch, to give an inter- 
^"^^diate separation. 

The soundings taken by an ordinary boat-lead in 
*=^-h.€i,llow water are usually mixed with tallow, used 
^^J:" the purpose of arming the hollow end of the 
^^^xanding lead in securing a sample of the sea- 
*-^^^t;tom. To clean the material so obtained, the tallow 
^^tDuld be melted in a porcelain basin and poured 
^^t3f J and the residue of foraminiferal sand or ooze 
"^^'VTther cleaned by treatment with benzole. 

The shallow-water foraminiferal sands of our 

^ Oasts may be gathered in the following way : To 

^^cure a favourable collecting ground, we must notice 

^lie set of the tides and choose a bay which has a 

Considerable stretch of fine sand. The Foraminifera 

which live amongst the seaweed between tides, 

\)ecoming detached, float wuth the incoming tide, and 
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oil its retreat the shells are left behind on the rippl 
marked sands, often tilling up the furrows and mar 
ing the strand with white lines composed of the 
minute shells. In proceeding to collect this materi 
we may use a large spoon to scrape up the surfa* 
layer of these streaks, and to fill some mushn ba^ 
with which we should be provided. This materi 
will possibly require to be further cleaned ai 
separated — first, to get rid of the salt from tl 
water, and secondly, to divide the shells from tl 
sandy portion, of which latter there will be a varyi] 
proportion, according to the purity of our foraminifei 
deposit and the care we bestow upon it in coUectic 
Sometimes it is found necessary to separate t 
lighter Foraminifera from the larger and heavier fom 
by a process called ' floating.' This is done 
gently warming the dried material and then throwi 
it upon cold water, when the smaller or lighter a 
tillod chamlvrtnl shells, as Liujeiuiy JJiliolinay a: 
iilohiijtnftii, will remain on the surface. These floj 
ings can bo pourtnl on to a tine muslin sieve, whi 
will retain the shells and allow the water to ps 
tlnvugh. The material can then be dried for t 
soKvliou and examination of species. In this part 
the work the sieves ust\l should have copper sides, 
these will not rust nor warp, as iron or wood. 
turther s<^panitiou of rhe sunken or heavier foramii 
ternl shells muy be eievted by stirring: up the materi 
iu Winter and devar.tiiVi: the lichter wrtion before 
ciiu subside. 

Auotiher methovi of ><rar.iciiii: the lii^hter fonin 
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wiferal sand often found useful to the manipulator is 
that variously known to miners as ' vanning ' or 
Spanning,' in which the sand is put into a shallow 
dish or pan with water, and a circular motion or 
dexterous twirl given to it, so as to throw over the 
^dge some of the lighter particles. By this plan, 
conversely, our ' gold dust ' lies in the lighter portion, 
and this must be collected in a larger vessel placed 
under that in which the vanning is done. 

It occasionally happens that the dead shells of 
^oraminifera are not so clean as they might be, on 
account of dried sarcode or other extraneous matter 
clinging to the surface; or it may be necessary to 
^further empty the shells of the sarcode, shrivelled 
though it may be, in order the better to observe their 
internal construction. To clean the shells, therefore, 
>ve may resort to the method of boiling the material 
in a weak solution of caustic potash. After boiling, 
the shells should be thoroughly washed in clean 
water and dried slowly, as described before. The 
foregoing processes apply both to recent and sub-fossil 
gatherings, for the latter are often in as good a state 
' ^f preservation as the existing forms, as evidenced by 
the faunas of estuarine deposits, fossil mud deposits, 
^^d raised beaches. 

On the Extraction of Fossil F o rami nif era from 
^^drimentary Bocks. — Fossil Foraminifera are obtained 
^^oxn clays and marls by a process of disintegration, 
^tie rock being washed dowTi to a sandy and shelly 
^^^idue, and further cleaned by mechanical or 
^^^mical means. In enumerating a few of the more 
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familiar clays and marls which may thus be treated- 
with satisfactory results we may mention the Lias — 
Clays, the Gault Clays and Marls, the London Clay, . 
Bracklesham Clay, Barton Clay, and the Pliocene 
Clay of St. Erth. 

The materia] chosen to be worked upon for its -a 
Foraminifera is broken up into pieces about the size ^ 
of a walnut, slowly and thoroughly dried in an oven, ^ 
and dropped, preferably when warm, into a vessel of "3 
cold water. The material thus treated should be left ^ 
to remain undisturbed until the whole of the material _j 
has broken up into a fine silty mud, which condition -j 
may be tested by raking up a sample with a fork — 
This precaution has to be taken on account of thess 
tendency of the clay to clot together when touched — 
with the fingers. When the clay is thoroughly dis- 
integrated, forming a more or less fine mud, w^e may 
commence to wash away the finest argillaceous por- 
tion. The decanting should be done with care, so as- 
to run no risk of pouring off the shells with th^ 
mud. The washing is repeated until the water is- 
no longer turbid. For the final cleaning of the:^ 
residue, which often takes a little extra time if the 
material is close and refractory, we must pour off as 
much of the water as possible and vigorously work 
the vessel with a rotarj^ motion until the residue looks 
of the consistence of cream. Then we pour on water^ 
to fill the vessel, allowing the material to subside^ 
before decanting. This should be done repeatedl}^ 
until no more fine clay can be separated, and the 
residue looks clean and sandy. Should some clay- 
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flakes still remain unbroken, the material must again 
be dried and washed. 

In the case of shales or indurated muds, such as 

JCimeridge shale, or the shaly material found as 

partings between the joints of the Carboniferous Ume- 

stone, a slightly different treatment may be required, 

and the material must be broken up mechanically 

into smaller pieces before washing. Should the work 

l>e prosecuted in winter, we may be able to take 

advantage of a severe frost by exposing the material, 

just covered with water, to the action of frost, which 

^iia.terially aids its disintegration. But by these means 

^ven, it will be found impossible to reduce the whole 

of the material by washing, and in this case we must 

ta,^e further recourse to* sifting after the material is 

^^'ied, in order to select that portion which will yield 

ttie best results when it is sorted. Hard marls may 

^f tien be broken up by boiling the fragments in a flask 

^ith sulphate of soda. 

Calcareous sandy rocks, such as the Crag deposits, 
^^n only be sifted, in the majority of cases, on account 
^f the friable character of their Foraminifera. 

Soft limestones, such as Chalk, can generally be 
^^adily broken down by first selecting pieces, not larger 
"than hazel nuts, of the softest material from the 
particular stratum one wishes to examine, tying them 
in a strong coarse linen bag, and thoroughly soaking 
i:ri water. The bag can then be pressed and kneaded, 
^o as to crush the lumps of chalk, and the milky 
^ater strained off. This process should be followed 
^o long as the water in which it is steeped is made 
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turbid, and men the residue can be turned out f( 
final cleansing. This may be done by taking 
corked bottle, in which we place the chalky sand, aa ^ 
with the merest trace of water ; the bottle is the oo 
shaken vigorously, so that the particles may be cleans ^ 
by a certain amount of friction. If our specimen is 
well selected, the result will be a sand largeL^ 
composed of the shells of Foraminifera. Another 
method, and perhaps a safer one for the shells, is 
to take a piece of soft chalk and with a tootfci- 
brush briskly rub it under water until a fine san3.y 
residue falls down. 

On a larger scale the actions of frost and rain 
effect what we have here been trying to do ; for it 
is not uncommon to see in chalk districts a fim3.e 
powderj' material lying at the foot of the dip slop^^, 
where the rain drains off into runnels, which oft^^ii 
consists ahuost entirelv of foraminiferal shells. 

In sean^hing for Foraminifera in the harder rocrBa^s 
we must resort to a different method of investigatior:m ; 
for the foraminiferal limestones of the Carboniferouns 
s\"stem, and also those of Eocene age, are ofte^^n 
extremely hard, and resist all attempts to disintegraflB^ 
thorn by oniinary methods such as we have ju^^t 
described. These hard fossilifeious rocks are slice-^--^ 
in the usual way in cutting thin rock-sections, by th^^^^^ 
lapidiirv V slittiuiT machine- The slice is then surface*^ "^ 
bv irrindiuiT vni fine emerv, and, if it be a limeston^^^' 
fa^vil on a whet slate. The prepared surface is tiier "^ 
iviuen:<\l to a glass slip by using Canada balsam, an^^ 
grv^und dv>wu by suix>essive grades of emery powd^er 
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with water until the required transparency is 
attained. The slice is then mounted in Canada 
balsam and covered with a thin glass. 

It is the rule to find fossil Foraminifera having 
fclieir original shells, but in some cases only their 
partial remains are found, in Jjhe form of casts, 
usually internal. These are formed by the infilling of 
the chambers with various mineral substances, such 
a-s chalcedony, glauconite, marcasite, calcite, phos- 
phatite, chalybite, haematite, and limonite. 

The hollow flints, containing the fine white 
powdery substance sometimes known as ' flint meal,' 
yield casts of Foraminifera in chalcedoi^y generally 
^tt abundance. In many cases not only the casts 
Wt actual replacements of the tests are found in this 
substance, as in the meal deposits in the pot stones 
(paramoudras) in the Chalk of the North of Ireland. 

The GLAUCONITE casts of foraminiferal shells are 

foxxnd in extraordinary abundance in certain fossili- 

ferous deposits, as in the HoUybush Sandstone of 

Slxropshire, which is of Cambrian age ; and the 

N^eocomian and Aptian glauconitic sandstones of the 

Isle of Wight. The greensands of the Lower and 

IJpper Greensand formations in the South of England, 

the Greensand beds of the Gault and the Cambridge 

Greensand, and also the Upper Cretaceous Hibernian 

Grreensand of the North of Ireland are all largely 

imposed of these glauconite casts, chiefly of Forami- 

^era. In strata of Tertiary age the basement beds 

of the London Clay, the glauconitic clays of the 

^^*a.cklesham series, and the Barton beds also yield 
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glauconitic casts in abundance. Similar glauconitic 
casts are forming within the shells of Foraminifera at 
the present day, as, for example, in the greensands 
and glauconitic muds of the Agulhas Shoal, ofi the 
South African coast. 

Casts of Foraminifera in iron pyrites, or, more 
strictly speaking, in Marcasite, are frequent in many 
clays which are strongly impregnated with sulphides, 
as the Lias Clay, Gault Clay^ and London Clay, and 
the rapid change from the disulphide into the 
sulphate is frequently seen in the fracture and 
ultimate destruction of the shell. 

C ALCiTE intilUngs are often observed in the f orami- 
niferal t^sts of certain chalk strata, such as that of 
Southerham, near Lewes, but, owing to the ease with 
which such casts are broken up, on accoimt of the 
cleavage in the mineral, they are not often seen in 
the separated londition. From certain of the 
Kgyptian limestones the writer has described Num- 
nuilitos and other Foraminifera in which the internal 
soptation is bn^ken down and the whole of the test ixi 
some instances oc^cupied by a mould of Calcite. 

PuosrHATio casts and replacements of ForaminifeC^ 
arc mot with abundantly in certain limestone deposi 
whoro the stnita have been impregnated with pho 
phoric acid, duo to tho decomposition of fish remai 
in many cases, and giWng rise to the phosphate C^ 
lime or phosphatito, A notable instance of phosphs^ 
tistni Konuniuitoni is that incurring in the Pho^ 
phaiic i'halk of Taplow and TwWord. One ma;,^ 
<n\silv obtain vorv Ivautiful oasts of the Foraminifei^ 
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by dissolving the shells of the phosphatic chalk 
Foraminifera in weak acetic acid. The residue must 
be washed and dried with the greatest care, on 
account of the extreme delicacy of the casts. 

Chalybite is sometimes found as an infilling of 

tlxe Foraminifera Saccammina and Endothyra in 

the Carboniferous Limestone ; and Hematite and 

LiMONiTE are occasionally found as casts of Forami- 

liifera in ferruginous limestones which are undergoing 

decay. 

On Examining and Selecting the Shells of Fora- 
'^nijiifera. — In discussing the various methods of 
ttiounting the Foraminifera we presume that one of the 
first requisites is a lens or hand magnifier, by which the 
Various larger forms may be discovered and examined. 
The majority of the species, however, are so small 
as to make a microscope almost a necessity. Al- 
though a triplet hand magnifier will be found useful 
m going over the coarser siftings, the selection of the 
smaller Foraminifera must be done with a compound 
^taicroscope, with objectives having a magnification of 
at least 30 to 60 diameters. A very convenient 
^oaicroscope stand is that known as the Wale's 
binocular, a form which the writer has had in 
constant use for nearly twenty years, and which is 
convenient not only on account of the space for deep 
slides which the hollowed arm affords, but also for 
the convenient clamping arrangement when the stage 
of the microscope has to be tilted at high angles for 
camera lucida or photomicrographic work. The 
oinocular arrangement is also to be recommended for 

X 
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reducing the strain on the eyes of the worker, as 
both eyes will be used; for the monocular form 
necessitates work with one eye, and if both eyes are 
not used alternately the injury done by continued 
work may be great, especially since the selection 
of specimens is more often carried on by artificial 
light and with a comparatively powerful illuminant. 
It is well to bear in mind, in prosecuting this 
work, the words of Dr. W. B. Carpenter, who him- 
self devoted forty-five years to microscopical study 
by artificial light : ' Every microscopist who thus 
occupies himself, therefore, will do well, as he vaJues 
his eyes, not merely to adopt the various precau- 
tionary measures already specified, but rigorously 
to keep to the simple rule of not continuing to 
observe any longer than he can do so without fatigue.' 
Should the worker be obliged to use a monocular 
microscope, it would be well if he became used to the 
method of working with both eyes alternately, so as 
to divide the strain between them. 

The material which contains the foraminiferal 
shells, and which we wish to sort, is best viewed as an 
opaque object. A condenser is used to concentrate the 
rays of light and to illuminate the part immediately '^ 
the field of vision ; the lamp found to be most useful 
is perhaps the ordinary one used by microscopists, 
which is provided with a shade, screening off all but 
the rays in a direct line with the condenser and 
object. In regulating the amount of Ught when 
working in this way with the microscope it is better 
to err on the side of too little rather than too much 
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light. In working by ordinary daylight it is prefer- 
able to get the rays from a light cloUd, direct sun- 
light being too glaring to the eyes, and there is also 
a risk of burning the object. A parabolic con- 
denser illuminates the object very well when dijBfused 
light is used ; and with artificial light this condenser 
ca.n be used with advantage in conjunction with the 
l>vill's-eye condenser. 

To facilitate the sorting of material containing 

toraminiferal shells, it will be found advisable to use 

^ series of sieves of graduated sizes, having an 

increasing number of meshes to the inch, as, for 

example, 30, 60, and 120. These sieves can be 

obtained of chemical apparatus dealers, made with 

the sieves fitting one upon the other ; the material 

to be sifted is placed in the top, and after a vigorous 

shake is separated into the various grades ready for 

examination. It must be remembered that the 

greatest care should be taken to clean the sieves from 

one kind of material before using them for another, 

as all the value of our detailed examination would 

be lost if we mixed the forms out of diflEerent 

deposits. 

In commencing to select the specimens of 
Foraminifera from the material prepared according 
to the foregoing methods the sand may be thinly 
and evenly strewn on a tray, which can be passed 
over the stage of the microscope. This tray by 
preference should have a rim, to prevent loss of 
material over the sides. If the surface of the tray 
is blackened it forms a good background. Some 
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workers use black ribbed silk to cover the sorti 
tray, fastened so that the ridges of the silk i 
horizontallT« or from left to right : this \dll p 
Tent the specimens from rolling when the microscc 
is inclined for comfort in observation. A use 
form of tray for sorting purposes may be mn 
of black vulcanite ( ebonite K and rimmed round 
before ; this material, however, loses its black surfi 
after a vear or two, but can then be reblacker 
with a smooth quick-drying varnish. 

Some preliminary sorting may be carried out ii 
mechanical way by taking advantage of the forms 
the shells. For example, in a medium sifting from 
ooze, by tilting the tray the Orbulititi' will first i 
down, and on further inclining it the Gk^bioeri 
and Puihr.i'ir, Discoidal forms will remain behi 
after all the other particles have been made to i 
off by a gentle persuasive tapping. 

On M'.'UKTi^.'j r/.c .S/.-rTiV -r Fora/niKittro. — 1 
the ordinary purposes of mounting, the opac 
wooden cell introduced by Dr. Carpenter may 
adopted »ng. 40y It is a strip of wood 3 inches 
1 inch, with a hole K^red in the centre. To t 
wooden slip a thin piece of cardboard is glu 
which has bet- n previously blackened in the mid 
with Indian ink. to form a background. Seve 
slins mav c»e mounted at one time on a lon^r st 
of cardb: ard measuring a little more than 3 inc] 
in width. a:.d having a broad black stripe ale 
the centre, and put under pressure: when dry 1 
slips can be cut round with a sharp penkni 
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The thickness of these wooden slips can be made 
to vary according to the height of the specimens 
to be mounted in the cells; the shells should in 
all cases lie below the surface of the slip, to avoid 
any risk of injury to them. These strips of wood 
may be cheaply prepared from the wood of cigar 
boxes, by cutting through both surfaces with a 
marking gauge. Should a large number of the 
slips be required, it will be easier to procure a 
block of wood (preferably mahogany) measuring 
3 inches by 1 inch, and of any required length, 
bored through from end to end and sliced up by a 
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Fig. 40. — Method of Mounting 

FORAMINIFERA IN DrY CeLLS. 

circular saw according to the needed thickness. 
The holes in these slips may be made to vary 
According to the area which the shells will occupy, 
Convenient sizes being \^ inch, ^ inch, and ^ inch 
^ameters. 

There is another form of mount which is of great 
Convenience to the worker on account of its compact- 
ness.^ It is made of a piece of thick cardboard 
Measuring 3 inches by 1 inch or wider, and has a 



^ The original form was do vised by Messrs. William Swanston and 
Joseph Wright. 
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rectangular piece punched out of the middle ; to thi 3 
is glued at the back a form stuck on thin cardboarSZ 
on which are photographed or Uthographed a numb( 
of divisions, each having a numeral placed in th 
comer in rotation. The mount is covered fo 
security by a case made from a 3 by 1 inch glas 
slip, a piece of thin cardboard of the same size, am 
a piece of tinted writing paper cut to enclose th 
whole. The card is glued to the centre of the papei 
and lunettes punched out at the ends for the 
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Fig. 41. — Method of Mounting a Series of 

FoRAMINIFERA ON OnE SlIDE. 



sertion of the finger-tip when removing the sheath. 
The tray is placed on the top of the card and covered 
with the slip, and the edges of the paper turned up 
and fastened over the slip (fig. 41). These mounts 
are very convenient for the storage space they afiford 
for the little specimens, and when covered with the 
case they are quite dust-tight. They may be made 
of various widths, keeping to the 3-inch length as 
convenient, and to contain 10, 30, 50, or even 100 
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spaces as required. If the form is photographed, say, 
from a diagram drawn up in Chinese white, the lines 
in the positive will of course also appear white. The 
forms can then be printed on ordinary bromide paper, 
Tvliich will give a good dense black. The general 
title and name of the formation to which the speci- 
mens on the mount belong may be written on the 
w^liite card at the ends of the mount, and a number 
go. Ten which will refer to a list of the species it 
oontains, kept in an index register elsewhere. 

To attach the shells of Foraminifera to the 
Lounts, gum arabic is most frequently used. A few 
:ops of glycerine should be added to an ounce of the 
gnm. This will prevent the gum from becoming 
\>rittle and spoiling the shells by its fracture, espe- 
cially when exposed to a very dry atmosphere. Better 
than gum arabic, however, is gum tragacanth, for 
when this dries it is practically invisible on the 
inomit. To prepare it the gum should be steeped 
in water until it swells, when it should be dissolved 
in a little warm water until it is of the consistency of a 
thin jelly. 

In mounting the minuter Foraminifera the sur- 
face of the mount should be brushed over with a film 
<>f gum, and when the object is transferred to it a 
slight breathing close to the surface will deposit 
sufficient moisture to cause the shell to adhere. 
Larger Foraminifera may be cemented one by one 
^y placing little spots of gum where they are to be 
affiled. 

The best brushes for the purpose of selecting and 
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mounting the little tests are the finest red sables, 
which should have a fine and fairly flexible point. 

An ingenious mount for showing opaque objects s, 
such as Foraminifera, in various positions by a turn- 
ing arrangement has lately been described by J. J. 
Harvey in the following words : ' One of the mar:i.y 
objections to the present system of mounting opaqiie 
objects is that it is necessary to permanently hide 
one side of the specimen, and in the case of aberrarit 
or rare forms this may greatly lessen the value ao^d. 
interest of the shde. The method here advocated 
allows of the revolution of the object under tlno 
microscope, and permits of its examination with sts 
much ease as a hand specimen. It is at the sarxre 
time as permanent and as compact as the oIcL^t 
system. Another important advantage is fcti_« 
differential hghting which this rotation brings infco 
play, and which the inventor has found of speci^iJ 
service in the study of the Foraminifera for whic^li 
this method was originally designed. The slides 
used are the wooden slips recommended for this 
class of objects by Carpenter and others. Tlx^ 
specimen is attached by means of a suitable mediurxi 
to the end of a needle (fig. 42 b) which has hees^ 
thrust through the centre of a plug of indiarubb^^ 
cord C. This is laid, with the specimen projecting 
into the central cell D, in a shallow longitudin^-*!^ 
groove A cut just deep enough to enable the spec: 
men to revolve without touching the cover-glass, 
hole also having been cut for the reception of th*-'^ 
rubber plug. The projection of this plug above th*-^ 
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surface allows the whole arrangement to revolve by 

the mere movement of the finger. When the cover 

glass has been placed in position the whole can be 

finished off with paper in the usual way. A neater 

appearance is obtained by mounting two specimens 

in each slip, one on either side of the cell.' 

We will now transfer our attention to the 
methods for mounting Foraminifera as more or less 
transparent objects in media. After cleaning the 
material as far as possible, and by the use of liquor 
potassse, the shells may be immersed in a thin solu- 
tion of Canada balsam dissolved in turpentine, 




Fig. 42. — Harvey's Method of Mounting 
Opaque Objects. 



chloroform, ether, or benzole; this will saturate the 
tests and expel the air from the chambers. It is by 
some thought to be expedient to place the vessel 
containing the shells under an air-pump to complete 
tte process of filling the internal chambers and 
extracting the air, but this does not in the majority 
of cases seem necessarj\ The tests of the Forami- 
^fera can, after the lapse of a few hours' immer- 
^lon, be mounted in the ordinary way in Canada 
balsam, using a gentle heat and covering with a thin 
glass. 
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It is sometimes desired to arrange a group ( 
Foraminifera, or a series, upon a slide before mountin 
in balsam. This can be effected by washing the sui 
face of the slide with a thin layer of gum ; the object 
may then be placed in position, or arranged with th 
aid of a moistened brush or a needle mounted in 
handle. The specimens can then be covered wit 
Canada balsam and mounted in the usual way. 

On Prej)aring Thin Sections of the Tests c 
Foraminifera. — The internal structure of the foram. 
niferal test is revealed by means of thin sections ci 
in various and definite directions. Sometimes on! 
one half-section is required, and if the specime 
be large, like a Nummulite or an Orbitoides, th 
object may be held in a cork slightly hollowed i 
the end, into which the specimen is pressed, an 
rubbed on a snakestone or Water-of-Ayr stone wit 
water until one half of the specimen is entire' 
removed by grinding. 

In the same way a polished specimen of a foram 
niferal limestone will show the included tests ( 
Foraminifera cut in various directions, and whc 
this surface is examined with a lens a great de 
may be learned about the internal structure of sue 
fossils. 

When a thin section of a shell measuring r 
more than -^^^ inch in diameter, or even smaller, hi 
to be cut through the median plane, then the coars< 
methods of cutting and polishing must be n 
linquished for the more delicate methods of Wallicl 
Schlumberger, and others. 
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f In 1861 Dr. Wallich described the following very 

r ijngenious way of obtaining slices of minute objects, 

as the shells of the Foraminifera ; the chief point in 

his method being the plan of turning a number of 

specimens over together, so as to expose the alternate 

sides for grinding. The specimens are cemented 

with Canada balsam in the first instance to a thin 

film of mica, which is then attached to a glass sUde 

by the same means; when they have been ground 

down as far as may be desired (upon the snakestone) 

the sUde is gradually heated, just sufficiently to 

allow of the detachment of the mica-film and the 

specimens it carries, and a thin slide with a clean 

layer of hardened balsam having been prepared, the 

itiica-film is transferred to it with the ground surface 

downwards. When its adhesion is complete the 

Srrinding may be proceeded with, and as the mica- 

^^ will yield to the stone without the least diffi- 

^^Ity, the specimen, now reversed in position, may 

^^ reduced to the requisite thinness. 

In the. preparations of sections of Foraminifera by 

p-fcUs method it is necessary, in the case of shells with 

'^fl.ated chambers, to take care that the wliole test is 

^^irmeated with the fluid Canada balsam, and in 

^^<ier to do this the shells must be placed in the 

^Isam before the latter is quite tough, so that 

^'U.ring the few seconds of prolonged heating which 

^^ill be required to bring the cement up to the proper 

^^gree of toughness, the balsam will have the oppor- 

^'^^Uiity of penetrating to the innermost recesses of 

^^e shell. Instead of grinding off the mica-film, as ^ 
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Wallich describes, it may be easily split from tti.e 
balsam when the latter is cold ; and, moreover, thi-is 
will provide a test as to the proper toughness of time 
balsam, for it should shell ofiE with ease when a knL:f e 
point is inserted under one comer, and it shou^Xd. 
at the same time be noticed that the balsam do^^s 
not powder under the knife point, for in that ca.^^ 
it will be too brittle to grind with safety to tfci-^ 
shells. 

Some of the most interesting discoveries duri 
past years on the morphology of the foraminife 
shell have been made by M. Schlumberger, and fc^-^ 
has shown by means of his superior skill in prepariwrB- S 
thin sections of Foraminifera, chiefly of the Mili ^:^- 
lidfie, that the same species presents two entire 1 J 
different aspects with regard to their inner plans ^^^ 
growth, and to which reference has already be^^^ 
made on the subject of dimorphism. The follo^^^^" 
ing is a translation of Schlumberger's descripti<:^^ ^ 
of his method of preparing these sections, whi^::^ ^ 
is given by Heron-Allen in his useful and su. 
gestive ' Prolegomena towards the Study of 
Foraminifera : ' — 

' The apparatus necessarj' is very slight, and 1 1=^^ 
whole operation may be performed within the mo^^* 
restricted space. A bottle of chloroform, one ^^^' 
Canada balsam, a few stoppered tubes, two or thir^^^ 
tine brushes, a scaljvK a stone such as is used f ^^^^ 
grinding razors, a piece of pumice stone, and a sptc^^*^* 
lamp are all that is necessar}' in addition to ti^^^^ 
ordinary accessories of a good microscope. One si^^^ 
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of tb^ piece of pumice stone must be kept always 

very p lane by means of a fine file. 

* Suppose that we desire to obtain a section of a 
Biloculina. The first object to be attained is the 
iilling of all its chambers, to the very centre or 
primordial chamber, with a medium sufficiently re- 
sisting to prevent the shell being crushed by the 
a.c*tion of the rubbing stone. To effect this the 
^Biloculina must be dropped into a stoppered tube 
^^^rith a little chloroform, upon which at first it will 
Daost probably float, but the fluid penetrating little 
^y little into the inner chamber will drive out the 
^ir, and the test will sink to the bottom of the tube. 
-Aiter letting it remain there for a while it is picked 
^Tit and set in a drop of Canada balsam, placed upon 
tie centre of a cover slip. The chloroform being a 
^ftpid and perfect solvent of Canada balsam, the 
letter will soon penetrate to the inmost chambers ; 
but it is desirable, if one is not pressed for time, to 
'^ait a day or two before continuing the operation, in 
^J'der that the chloroform may disappear from the 
^liambers by evaporation as completely as possible ; 
^ixis prevents the inconvenient presence of bubbles of 
^ir in the subsequent stages of the operation. 

*When one judges that the balsam has suffi- 
ciently penetrated all the chambers of the test, one 
"Warms the cover glass over the spirit lamp to drive 
off the volatile constituents of the resin, and before 
tte drop of balsam containing the test has become 
oold and hard the test is placed in the position 
Required for making the section by means of a hot 



318 THE FORAMINIFERA 

needle or stiff brush ; vertically if one wants a traas 
verse, or horizontally if one wants a vertical, soction. 

* At this point it is necessary to be sure whettter 
the balsam is of the right consistency, i.e. neitlxer 
too hard nor too soft ; in the former case it will 
splinter away and the test be torn from its position, 
and in the latter the rubbing action of the stone wtII 
crush the walls of the chambers. If, however, you 
always use the same balsam and the same method of 
heating it, you will soon be able to bring it always 
to the required condition, but to make sure it is 
advisable to take up a tiny drop of the balsam whilst 
still soft with a needle and let it cool, and if it 
crumbles into fragments when pressed upon tht€ 
finger-nail you can safely proceed with the operation. 

' Place the cover slip upon a flat surface, place a 
moistened plane of the grinding-stone (or horte) 
upon the test, and commence rubbing it softly wilil 
a circular movement of the hone. The greatest 
care must be taken to keep the hone absolutely 
parallel to the plane of the section you desire to 
make, as the test wears down and the hone nibs 
closer to the cover slip. One cannot see the pro- 
gross of the operation with the naked eye, but the 
section in progress must be constantly examined 
under the microscope, washing away the muddj 
detritus of the test with a wet brush before each 
oxuniination. Almost immediately the internal 
c^hamboi-s make their appearance, outlined in white 
on the yellowish matrix formed by the balsam, aD^ 
one continues until one judges that one is almo^^ 
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down to the primordial, or centre, chamber. Then 
dry the section and re-warm the balsam, and with 
the needle (under a lens or low-power objective) turn 
the test over, in the balsam, on to its now flattened 
surface; by transmitted light under the microscope 
you can see in the centre of the section the little 
round primordial chamber, and by focussing through 
it you can judge how much must be rubbed away on 
either side to reach the centre of this chamber, at 
^w-hich point the section is to be taken. 

* When the test is worn down to this central 

point on either side the section is once more turned 

^ver, and, with a fine scalpel, the superfluous balsam 

^s scraped away round the section, after which the 

tubbing down is carried to the finest possible degree. 

Tliis turning over must be accomplished with the 

^P^eatest care, for if the warmed balsam is too 

* tacky" at this point the central chambers may be 

^^xried away, or the outer ones (especially in the 

^^se of the Miliolince) may disintegrate. To obviate 

tlxis the balsam must be tlwronghly fluidified, when the 

^^ction may be turned over by pushing one or two 

tiBiirs of a fine brush underneath it. In some species 

the arrangement of the chambers is such that, when 

the rubbing has been carried down to the central 

chamber, the centre of the section finds itself 

isolated from the periphery, and then the turning 

ttiust be done in the cold or hardened state ; that is 

to say, the whole mass of balsam, with the em- 

^dded section, must be dexterously split off the 

fiflass with the scalpel, and not warmed again until it 
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has been turned over upon a fresh area of the cover 
shp. 

* To avoid importing confusion into the above 
exposition, I have omitted to refer to certain precau^ 
tions that must be taken. It is obvious that i^ 
rubbing down the test in the balsam, especially j^ 
the test contain siUceous granules, the hone w^ 
itself be worn away, and however shght this wear 
may be, unless it is corrected, one would in time be 
making a convex surface, the result of which wouid 
be that, when the section is turned over, the greater 
resistance of the periphery would cause it to be worn 
away before the central chamber was reached. It 
is here that the pumice-stone comes into use, and by 
its continual use during the operation the rubbiag 
surface of the hone is kept quite plane. One sma*I^ 
difficulty sometimes attends the use of the pumic< 
stone. The glassy detritus of the latter adhering 
the hone, whilst it assists the operation of rubbin^-S 
down, has a tendency to get into and clog tfc^^ 
section, introducing itself either into the chambe^*^ 
or into any minute air-bubbles that may be preserp- ^' 
This glassy mud will soil and confuse the sectio:^? 
but it may be got rid of by means of a strong jet ^ 
water from a tap or wash-bottle directed upon tfc^^ 
section through a glass tube drawn out to a fii^^ 
point. When the section is thus cleared, the litfcl^ 
spaces left by the process may be filled up with * 
tine brush dipped in a solution of balsam in chlor«^' 
form, after which the section is again warmed aj3^ 
allowed to cool. If recourse to the tap or was^ 
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i>ottle is impracticable these fragments of pumice 
irxay be got rid of by covering the section with a 
little of the balsam solution and heating it, when the 
mllition of the medium will bring the particles to 
.e surface with the air-bubbles, when they may be 
re^moved, as they form, with a fine brush. 

* Careful observance of these directions will 
ensure success, after perhaps a failure or two ; 
tine most annoying casualty being that often, at the 
last moment, a too vigorous rub may wipe the whole 
section out of existence, in which case the only 
thing you can do is to begin again upon another 
specimen.' 

The above excellent description is given in full, 
^ixice, if these minute instructions are carefully 
followed, there is more chance of success. 

The following method for hardening and shcing 
^able deposits and loose sands has been devised by 
-^. G. Pearcey, and used with much success in the 
* Challenger ' Office : — 

The dried deposit or sand is placed in a small 
pill box, upon which is poured a solution of mastic 
^ssolved in benzole. The mass is hardened by 
slowly heating in a hot- water oven, and when cold 
the piece is sUced into layers about y^ inch thick or 
niore. These sUces are rubbed down and polished 
^pon the snakestone, after being cemented to a 
Uain glass, which in turn is fastened to a glass slip. 
When one surface has been sufficiently prepared, the 
cover glass is removed by a gentle warming, and 
then cemented in the reverse position wdth Canada 

Y 
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balsam to a glass slide. The cover glass can then 
be ground away or carefully flaked off, and the 
rubbing down proceeded with until thin enough ; 
it is then mounted in the usual way with Canada 
balsam and a cover glass, great care being taken to 
avoid displacing the prepared section by too much 
pressure. 

It will now be convenient to describe the method 
of making sections of chalk. 

The above plan will also answer equally well for this, 
but the following is the usual way of procedure : — 

The chalk selected for the section should, if 
possible, be cut into a slice with fairly parallel sides, 
and having a thickness of ^ inch or so. This slicing 
is not absolutely necessary, but it ensures the 
better permeation of the rock ; whereas if a chip is 
used it will take a longer period for the medium to 
penetrate to the plane through which the section is 
to be made. The slice or chip is carefully warmed, 
to drive out any moist air which may lurk in the re- 
cesses of the specimen ; and at the same time we 
should have in preparation an evaporating basin, of 
about 2 J- inches in diameter, half filled with Canada 
balsam, and resting on a tripod and piece of \^ire 
gauze, placed over the flame of a spirit lamp. When 
the balsam has been heated to the condition of being 
nearly tough when cold, tested by drawing out 
a thread on the point of the forceps, the piece of 
chalk may be dropped in and allowed to absorb the 
balsam freely. If a few flakes of shellac be added to 
the balsam it will render the chalk more coherent 
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in the process of grinding. After the lapse of a Httle 
time, and when the bubbles of air cease to be given 
ofif, the flame should be withdrawn, and the specimen 
allowed to partially cool in the balsam. This is 
done in order that, during the contraction of the 
balsam in the rock, the interstitial spaces may be kept 
completely filled with the medium; if this is not 
carefully attended to, the chalk will grind up readily 
into a mud when we endeavour to produce a surface 
upon it, and the result will be a hole in that particular 
part of the section. As soon as the balsam begins to 
harden, our specimen must be withdrawn and left to 
cool down. The superficial balsam is then scraped 
away with a penknife, and a surface produced upon 
it with a snakestone and water. When one face 
is sufficiently smooth, presenting an even balsam- 
filled surface, it should be carefully dried and 
cemented with balsam to a glass slip. The bulk of 
the chalk may then be ground away on medium- 
grain emery, and the finishing proceeded with as in 
the preparation of the preliminary surface, by rubbing 
down on a perfectly plane snakestone. As soon as 
the section is nearing completion little spots of light 
may appear through the section, showing the pre- 
sence of organisms. This thinning down should be 
continued until the matrix is also fairly translucent, 
and then it may be mounted with fluid balsam, using 
a very moderate heat to harden the medium. It 
is often of great convenience to make a section of 
chalk before proceeding to wash down a quantity for 
the extraction of the Foraminifera, for by this means 

T 2 
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we are enabled to see whether the specimen is wox^ili 
the trouble of disintegration. 

To prepare the Sarcode Bodies of Foraminifera.^ 

In order to examine the sarcode for structures sixoh 
as the nucleus, the gemmules or zoospores, and ^^ 
forth, it is essential to remove or decalcify the sh^H- 
In order to do this successfully the body of the faxra- 
minifer, which is jellylike in consistence, must Tt>^ 
hardened ; and this process should go on side by si ^^ 
with the dissolution of the shell. The best reagent f C)r 
doing this is undoubtedly that known as PerenyT- ^s 
Fluid. It consists of nitric acid, 10 per cent, sol., 
4 vols. ; alcohol (absolute), 3 vols. ; chromic acid, 5 j>^r 
cent., 3 vols. 

If we are able to obtain the hving animals fc^J 
dredging, the material should be bottled, until re- 
quired, in weak spirit, or, what is perhaps better, ^ 
weak solution of formalin. On selecting our specimerr ^ 
for decalcification they may be placed on a tin^^ 
cover glass in the solution mentioned above, con 
tained preferably in a glass box with a lid, a covered 
watch-glass, or other convenient vessel, and left 
undisturbed until the solution of the shell is effected. 
Should the organism require to be stained, the cover 
glass with the specimen may be gently lifted by means 
of a section-lifter, and transferred to a fresh vessel 
containing water ; and afterwards to a weak solution 
of picro-carmine. After the lapse of half an hour it 
may be transferred to methylated spirit. If the speci- 
men be washed in water after staining, the picric acid 
is removed, otherwise it acts as a yellow stain to the 
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protoplasm, whilst the nucleus and nutritive particles 
take up the carmine. The cover glass is next placed 
beside a slip and gently warmed in a water bath, at 
the same time introducing a drop of fluid glycerine 
jelly beside the object. This will presently run in, 
and a minute piece of the jelly having been melted 
upon the glass slip, the cover glass can be turned 
over on to the slide. Extreme care must be taken 
during this operation, so as not to displace the fragile 
object. When cold the superfluous jelly may be 
removed with a damp cloth and the mount sur- 
rounded with a ring of gum arabic, and finally with 
vajnish. 

Aj)})aratuH used in draivincj the Foraminifera. — It 
^s hardly necessary to give many details on this 
bi'anch of the subject in a book of small pretensions, 
such as this ; especially since much valuable infonna- 
"fcion is always available in the well-known works of 
Carpenter on ' The Microscope ' and Dr. Beale on 
* How to work with the Microscope,' not forgetting 
several of a similarly useful character lately published. 
The camera lucida is to some workers a very indis- 
pensable piece of apparatus ; the two best known 
forms being WoUaston's prism and Beale's neutral 
fetnt reflector. Many persons, however, have not found 
^'hese accessories necessary, but trust rather to drawing 
^nd measuring alternately, so as to ensure accuracy. 
-*•' is, however, better to employ a form of camera 
•lucida in getting the outlines of the objects, when 
'-h^ detailed filling in may be done wdth more freedom. 
Another extremely useful piece of apparatus 
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which the writer has often employed in making 
drawings is Beck's revolving disc, which carries a 
needle, to the point of which a specimen may be 
affixed ; and by means of a universal movement of 
the apparatus, this can be turned in all directions. 
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CHAPTEK XX 

BIBLIOGRAPHICAL LISTS, TO FACILITATE REFERENCE TO 
THE PRINCIPAL LINES OF RESEARCH; COMPRISING 
THE MORE IMPORTANT WORKS ON FORAMINIFERA, 
ESPECIALLY THOSE OF RECENT DATE 

The selection given below is necessarily incomplete, 
but is sufficient to enable the student of this sub- 
ject to gain further information by references to be 
found in the works themselves. 

General Treatises and Articles, including 

Bibliographies. 

1. W, B, Carpenter, W. K. Parker, and T, B. Jo7ies, — Introduc- 
tion to the Study of the Foraminifera. Ray Society. London, 
1862. 

[The morphology and structure of the foraminifcral shell is very fiilly 
lealt with, and well illustrated by numerous plates.] 

2. K. A, von Zittel. — Handbuch der Palaeontologie : Protozoa. 
iTol. i. 1876-1880, pp. 55-126. Also Grundziige der Palaeontologie. 
Munich and Leipzig, 1895 (pp. 18-34). 

3. W. B. Carpenter, — The Microscope and its Eevelations. 
)th ed. London, 1881. See also later editions edited by W. H. 
!)allinger. 

[For technical instructions relating to the examination and preparation 
»f minute objects, as Foraminifera. Also a chapter on Foraminifera.] 

4. H, B. Brady, — Eeport on the Foraminifera dredged by 
3.M.S. 'Challenger' during the years 1873-1876. Scientific 
Results. Vol. ix. (Zoology), Foraminifera. London, 1884. 

[Besides embodying a report on the * Challenger ' collections this mono- 
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graph deals generally vnih the reeent Foraminifera. It has a good 
introduction and bibliography, and all the species, according to the 
recognised typos described in the volume, are figured.] 

5. C D. Shvrbom, — A Bibliography of the Foraminifera, Re- 
cent and Fossil, from 1565 to 1888. London, 1888. 

6. Idem. — An Index to the Genera and Species of the Fora- 
minifera. Parts i. ii. Washington, 1893, 1896. 485 pp. 

7. P. ToutkowskL — Index Bibliographiqne de la litt^ratnre sur 
les Foraminif^res Vivants et Fossiles (1888-1898). Kiev, 1898. 

8l L. com Fickiel and C. ron MoU. — ^Testacea mierosec^ca aliaqne 
minute ex generibus Argonauta et Nautilus ad natnram defineata et 
dcecripui. Vienna. 179^ 

[iUusiratioDs of namefoas types of veQ-knovn species.^ 

9. r. /£. Jotu*, — Catalogue of the Fossfl Foraminifera in the British 
Museum ^Natund Historv. London. 1^^ 

ICL ir. ifi>Mv4iJ(. — A Cer.sus of the Fossil Forunhuieim of Australia. 
BcfK. Austral. Assoc. Adv. Set, Adelaide Meeting for 1893 iltMi. 

11. L. i\rj^«x. — ContHbutioc i TEtude >[icn3cnphiq;ae des Ttmins 
Sedimeniainets^ Lil*e. IS^. 

^TY$ tb« dissrlbciwc iha>.i =iin<ralcicieil ccc-iitaeii cf the Forasicifera 
cviecxTir^c -j:! ti» «vv=^ii^x az.* wrdiry <s:asa c< B<-rxi=i »z>i the Paris Ba^iz.^ 
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17. O. Butschli, — Protozoa. Abth. 1. Bronn's Thierreich, 
vol. 1. Leipzig und Heidelberg, 1880-1882. 

18. A. Griiber. — Die Protozoen des Hafens von Genua. Nova 
A^ota Acad. C. L. xlvi. 1884. 

19. Idem. — Kleinere Mittheilungen liber Protozoen-Studien. 
I^er. Nat. Gesellsch. Freiburg, vol. ii. 1886, pp. 1-15. 

20. 0. Biitschli. — Kleine Beitrage zur Kenntniss einiger 
'^^ariner Rhizopoden. Morph. Jahrb. vol. xi. 1886, p. 78. 

21. H. B. Brady, — Note on the Reproductive Condition of 
^^hitolites corti'plmiata, var. laciniata, Joum. Roy. Micr. Soc. 1888, 

- 693-697, pi. X. 



22. H, J. Carter, — On the Nature of the Opaque Scarlet 
^I>l\erule8 found in the Chambers and Canals of many Fossilised 
^V>x-aminifera. Ann. Mag. Nat. Hist. ser. 6, vol. i. 1888, pp. 

-270. 



23. B, Greef, — Studien iiber Protozoen, I.-III. Sitzungsb. 
Q^^ellsch. Naturw. Marburg, 1888, pp. 90-158. 

24. Max Vertuonu — Biologische Protisten-Studien. Zeitschr. 
t' wiss. Zool. vol. xlvi. 1888, p. 455. 

25. L, Bhumbler, — Beitrage zur Kenntniss der Rhizopoden 
-. Saccammina si^harica, Zeitschr. fiir wiss. Zool. vol. Ivii. 

^ ^^4, p. 433. 

^ ^ 26. F, Schaiidijm, — Die Fortpjflanzung der Foraminiferen und 
^e neue Art der Kernvermehrung. Biol. Centralbl. vol. xiv. 
94, pp. 161-166, 8 figs. 

27. Idem, — Ueber Plastogamie bei den Foraminiferen. Sitz- 
^^Hgsb. Gesellsch. naturforsch. Freunde, Berlin, 1895, No. 10, pp. 
X 79-190, 1 fig. 

28. J, J, Lister, — Contributions to the Life History of the 
•^oraminifera. Phil. Trans. Roy. Soc. vol. clxxxvi. B. 1895, pp. 
"^01-445, pis. vi.-ix. 

29. F. Scliaiidinn. — Untersuchungen an Foraminiferen. I. 
K)alcituha pohjviorjjha, Roboz. Zeitschr. wiss. Zool. vol. lix. 1895, 
:j)p. 191-232, 2 pis. 

[Description of the life-history of the nucleus.] 
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30. C. Schlumberger. — Note sur la Biologie des Foraminif6res. 
La Feuille des Jeunes Naturalistes, No. 305, ser. iii. Annee 26, 
1896. 

Shell Morphology. 

31. H. J. Carter, — Description of some of the Larger Forms of 
Foraminifera in Scinde, with Observations on their Internal Struc- 
tures. Ann. Mag. Nat. Hist. ser. 2, vol. xi. 1853, pp. 162-177, 
pi. vii. Further observations, &c. &c. Idem, ibid, ser. iii. 
vol. viii. 1861, pp. 309-333, 366-382, 446-470, pis. xv.-xvii. 

32. W, J, Sollas, — On the Perforate Character of the Genus 
Webbijia, with a Notice of Two New Species, from the Cambridge 
Greensand. Geol. Mag. vol. iv. 1877, pp. 102-105, pi. vi. 

[Descriptive of the sheU-morphologj' of Vitrttvehhina, Chapman.] 

33. K, Martin, — Untersuchungen iiber die Organisation von 
Cycloclypeus und Orbitoidcs. In Junghuhn's * Die Tertiarschichten 
auf Java.' Leiden, 1879-80. Pal. Th. pp. 150-164, pis. xxto. 
xxviii. 

34. Munier-Chalvms. — Etudes sur les Numviulites Icevigata, 
plaimlatay variolaria, irregularis^ et sur les Assilina graniilatn et 
sjyira, [Sur le Dimorphisme des Nummulites.] Bull. Soc. G6ol. 
France, s6r. 3, vol. viii. 1880, pp. 300 and 301. 

35. Mimier-Chalmas and C, Schlumberger, — Nouvelles Observa- 
tions sur le Dimorphisme des Foraminif^res. Comptes Hendus, 
vol. xcvi. 1883, pp. 862-866, figs. 14, pp. 1598-1601, figs. 5-8. 
Annals and Mag. Nat. Hist. ser. 5, vol. xi. 1883, pp. 336-341, 
figures ; vol. xii. 1883, pp. 67-69. 

36. E, van den Brocck, — Etude Pr^liminaire sur le Dimor- 
phisme des Foraminiferes et des Nummulites en particulier. Ann. 
Soc. Malac. Belgique, vol. xxviii. 1893, Bull, des Stances, pp. xv-xx. 
Brussels. 

37. E, Ilalkyard. — Plans of Growth and Form in the Fora- 
minifera. Trans, and Ann. Rep. Manchester Micr. Soc. 1893, 16 pp. 

38. T. B, Jones. — Dimoi-phism in the MiliolimB and in other 
Foraminifera. Ann. Mag. Nat. Hist. ser. 6, vol. xiv. 1894, 
pp. 401-407. (See also Nos. 1, 9, 43, 56, 69, 72, 73, 121, and 174.) 
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Classifications. 

39. A. E, von Beuss. — Entwurf einer systematischen Zu- 
^*^» ^»-jmenstellung der Foraminiferen. Sitzungsb. k. Ak. Wiss. 
^V i ^n, vol. xliv. 1861, pp. 355-396. 

40. C Schwager, — Saggio di una Classificazione dei Foramini- 
^^^^^^"^ avuto riguardo alle loro Famiglie Natural!. Boll. R. Com. 
G ^^ oL Ital. anno 1876, pp. 475-485 ; anno 1877, pp. 18-24, 1 pi. 

40a. M, Neumayer. — Die natiirlichen Verwandtschafts- 
halfenisse der schalentragenden Foraminiferen. Sitzungsb. k. 
. Wiss. Wien, vol. xcv. 1887, Abth. i. pp. 156-186. 

41. L, Bhumbler. — Entwurf eines natiirlichen Systems der 
^ ^^^alamophoren. Nachr. k. Gesellsch. Wiss. Gottingen, Math.- 
^^ ^^ t. CI. 1895, pp. 51-98. 

42. G. H. T, Eiffier ami C. Fickert. — Die Artbildung und 
^rwandtschaft bei den Foraminiferen. Entwurf einer natiirlichen 
intheilung derselben. Zeitschr. wiss. Zool. Ixv. 1899, pp. 599- 

* ^-^8, 45 figures. 



Critical Works (Kevisional). 

43. W, K, Parker and T. B. Jones. — On the Nomenclature of 
_ ^e Foraminifera. Part. i. On the Species enumerated by Linnaeus 

^d. Gmelin. Ann. and Mag. Nat. Hist. ser. 3, vol. iii. 1859, 
. 474-482. Continued in same publication to part xv. of the 
^ries (1872) ; later in conjunction with H. B. Brady. See 
^^herborn's Bibliography of the Foraminifera. 

44. G. A. de Amicis. — Osservazioni critiche sopra talune 
^X?inoporinae Fossili. Proc. Verb, della Soc. Toscana Sc. Nat. 

X894. 

45. C Fornasini. — Foraminiferi della marna del Vaticano 
^llustrati da O. G. Costa. Palaeontographica Italica, vol. i. 1895, 

t)p. 141-148, pi. vii. 

[A revision of Costa^s work in 1857.] 

46. Idem, — Le Sabbie Gialle Bolognesi e le Eicerche di J. 
^. Beccari. Rend. Sess. R. Accad. Sci. Istit. Bologna. N.S. vol. ii. 

1897, pp. 1-8, pi. 1. 
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Technical (Preparation and Mounting). 

47. E. vaji den Broeck, — Instructions pour la R^colte des 
Foraminiferes Vivants. Ann. Soc. Beige Microsc. vol. iii. Ann^e 
1877, pp. 5-16. 

48. C. Elcock, — How to prepare Foraminifera. Journ. Postal 
Microsc. Soc. vol. i. 1882, pp. 25-29, 139-145. 

49. E. Halkyard. — The Collection and Preparation of Fora- 
minifera. Trans, and Ann. Rep. Manchester Micr. Soc. 1888, 
7 pp. 1 pi. 

50. A. Tellini. — Istruzioni per la Raccolta, la Preparazione e la 
Conservazione dei Foraminiferi Viventi e Fossili. Ri vista Ital. 
Sci. Nat. Anno xi. 1891. 

51. E, Heron- Allen. — ^Prolegomena towards the Study of the 
Chalk Foraminifera. London, 1894. 

[Contains information on separating and mounting Chalk Fora- 
minifera.1 

52. A, Earland. — Collection and Preparation of Foraminifera. 
Science Gossip, N.S. vol. vi. 1899, pp. 8, 9 ; 53, 54 ; 74. 



Works devoted to Genera or Special Groups 

(zix)logically arranged). 

53. A, Sih'csiri— 11 genere Xubeculuria, Defrance. Atti Accad. 
Pontif. N. Lincei, 1S97, pp. 29-39. Rome. 

54. T, li, Jomi^. — A Scheme of the Genus Spiroloculina, illus- 
trated by sectional views. See Monogr. Crag Foram. part ii. 
Pal. Soc.' 1895. p. 103. 

55. C. SchJu^'iheriicr, — Note sur le Genre Adelosina. Bull. Soc. 
ZooL France, vv^l. xi. 1Sn>. pp. 91-104, pi. xvi. 

[An interestini: study in dimorphism." 

5d. Id^nu — Monographie des Miliolidees du Golfe de Marseille. 
U^m. Soc Zool. Franco, vol. vi. 1S93, pp. 199-222, pi. i.-iv. 
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^7- F, W, MilletL — A scheme of classification for the Genus 
Conzii^pira, See Monogr. Crag Foram. part. ii. Pal. Soc. 1895, 
PP- 129-131. 

^S. W, B, Carpenter, — RspDrt on the Specimens of the Genus 
OrhitcliteSf collected by H.M.S. ' Challenger ' during the Years 
1873-1876. ' Challenger ' Reports, Zoology, vol. vii. pt. xxi. 1883, 
PP- 1-47, pis. i.-viii. 

59. E. SpandeL — Untersuchungen an dem Foraminiferen- 
^^sclilecht Spiroplecta im allgemeinen und an Spiroplecta carinata 
I^'Orb. im besonderen. Abhandl. Naturhist. Gesellsch. Niirnberg, 
1901. 

60. A, E, von Reuss, — Die Foraminiferen-Familie der Lagen- 
i<ieen. Sitzungsb. k. Ak. Wiss. Wien, vol. xlvi. Abth. 1, 1862 
(1863), pp. 303-342, pis. i.-vii. 

61. E, Dervietix, — Osservazioni paleozoologiche sopra le 
L«iiiguline terziarie del Piemonte. Mem. Pont. Accad. Nuovi 
Linoei, vol. xiv. 1898, 1 pi. 

62. C FomasinL — Indice Ragionato delle Frondicularie Fossili 
^* Italia. Mem. R. Accad. Sci. Istit. Bologna, ser. v. vol. vi. 1897, 
Pp. 649-661. 

63. T, B, Jones. — Remarks on the Foraminifera, with especial 
*^^^^Tence to their Variability of Form, illustrated by the Cristel- 
^^^ians. Monthly Microsc. Journ. vol. xv. 1876, pp. 61-92, pis. 
<5x.x^'viii. cxxix. Also part ii. by Jones and Sherbom, Journ. R. 
^ior. Soc. ser. ii. vol. vii. 1887, pp. 545-557. 

64. E. Dervieux. — Le Cristellarie Terziarie del Piemonte. 
^oU. Soc. Geol. Ital. vol. x. 1891, pp. 5-22, pi. la. 

65. Idem, — H Genere Cristellaria, Lamarck, studiato nelle sue 
specie. Boll. Soc. Geol. Ital. vol. x. fasc. 4, 1892, pp. 557-642. 

66. H, B, Brady y W, K. Parker, and T. R, Jones, — A Mono- 
©^ph of the Genus Polymorphina, Trans. Linn. Soc. vol. xxvii. 
1870, pp. 197-253, pis. xxxix.-xlii. 

67. T, B, Jones and F. Chapman. — On the Fistulose Polynwr- 
Phina, and on the Genus llamulina. Journ. Linn. Soc. Lond. 
Zool. vol. XXV. 1896, pp. 496-516 ; and ibid. vol. xxvi. 1897, pp. 334- 
354. Figures. 
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68. F, Chapman, — On the Rhizopodal Genera Wehbina and 
VUriwebbi}ta, Ann. Mag. Nat. Hist. ser. vi. vol. xviii. 1896, 
pp. 326-333, figs. 1-4. 

69. C, Fomasini. — Le Globigerine Fossili d' Italia. Palseont. 
Ital. vol. iv. 1898, pp. 203-216 ; figures in text. 

70. Idem, — Indies Bagionato de le Rotaliine Fossili d* Italia, 
spettanti ai Generi Truncattdiiia, Planorbuluia, Anomalina^ 
Pidvinulvuiy Rotalia e Discorhina, Mem. R. Accad. Sci. Istit. 
Bologna, ser. v. vol. vii. 1898, pp. 239-290. Figures. 

71. C, Schlumherger, — Note sur le Genre Tinoporus. M^m. 
Soc. Zool. France, vol. ix. 1896, pp 87-90, plates iii. iv. 

72. Idem, — Note sm- le genre Miogypsina, Bull. Soc. G^ol. 
France, s^r. 3, vol. xxviii. 1900, pp. 327-333, pis. ii. and iii. 

73. F, W, Millett. — Systematic Grouping of the published 
Figures of the Genus Noiiioniiia, See Monogr. Crag Foram. pt. iv. 
Pal. Soc. 1897, pp. 339-341. 

74. C. Formisini. — Le Polistomelline Fossili d' Italia. Mem. 
R. Accad. Sci. Istit, Bologna, ser. v. vol. vii. pp. 639-660. Figures. 

75. Le Vicomte dWrchiac and Jules Hahne, — Description des 
Animaux Fossiles du Groupe Xummulitique de I'lnde. Paris, 1853, 
1854. 

[Forming an indispensable work on the genus Nummulited,] 

76. P. de la Harpe, — Etude des Nummuhtes de la Suisse et 
Revision des Esp6ces Eocenes des Genres Niimmulites et Assilijia, 
Parts i. ii. and iii. M^m. Soc. Pal^ont. Suisse, 1881 and 1883. 

77. Idem, — Monographic der in AegN-pten und der libyschen 
Wuste vorkommenden Nummuliten. Palasontographica, vol. xxx. 
1888, pp. 157-216, pis. xxx.-xxxv. 

78. r. 2?. Jofies, — Note on Xummidites elegans, Sowerby, and 
other English Nummulites.* Quart. Journ. Geol. Soc. vol. xliii. 
1887, pp- 182-149, pi. xi. 




BIBLIOGRAPHICAL LISTS 336 



Memoirs descripti\^e of Special Faunas. 

Loiver Palceozoic. 

79. L, Cayciix, — Sur la Presence de Restes de Foraminiferes 
dans les Terrains Pr6cambriens de Bretagne. Ann. Soc. G60I. 
Nord, vol. xxii. 1894, pp. 116-119. 

80. TF. D. and G, F. Matthew. — On Phosphate Nodules from 
the Cambrian of Southern New Brunswick. Trans. N. York 
Acad. Sci. vol. xii. 1893, pp. 108-120. Also ibid, vol. xiv. 1895, 
pp. 109-111. and pi. i. 

81. C, 6r. Ehrenberg, — Ueber andere massenhafte mikro- 
skopische Lebensformen der altesten silurischen Grauwacken- 
Thone bei Petersburg. Monatsber. k. preuss. Akad. Wissensch. 
BerHn, 1858, pp. 324-337 and pi. i. 

82. Idem. — Ueber den Griinsand und seine Erlauterung des 
organischen Lebens. Abhandl. k. Ak. Wiss. Berlin, 1855, 
pp. 85-176, pis. i.-vii. 

83. F, Chaiyman. — Foraminifera from an Upper Cambrian 
Horizon in the Malvems. Quart. Jouni. Geol. Soc. vol. ivi. 1900, 
pp. 257-263, pi. XV. 

[This paper also contains a note on previous records of liOwer 
Paleozoic Foraminifera.] 

84. H, B. Brady. — Note on some Silurian Lagena. Geol. 
Mag., Dec. 3, vol. v. 1888, pp. 481-484, pi. xiii. 

85. F. CluLiyman. — On some Fossils of Wenlock Age from 
Miilde, near Klinteberg, Gotland. Ann. Mag. Nat. Hist. ser. 7, 
vol. vii. 1901, pp. 142, 143, pi. iii. 

Upper Palceozoic. 

86. H. B. Brady. — A Monograph of Carboniferous and Permian 
Foraminifera (the^genus Fusuliiia excepted). Pal. Soc. 1876. 

[A very comprehensive work, with good distribution tables.] 

87. V, von Moller. — Die spiralgewundenen Foraminiferen des 
russischen Eohlenkalks. M^m. At;. Imp. Sci. Sc.-P^tersbourg, 
86r. 7, vol. xxv. No. 9, 1878, pp. 1-147, pis. i.-xv. 
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83. Idem. — Die Foramimferen des mssischen Kc^enkalks. 
M^m. Acad. Imp. Sci. SL-Petersboorg, s^. 7, toL xxriL No. 5, 
1379, pp. 1-131, pis. L-viL 

89. IT. Howchin. — Additions to the Knowledge of Carbomierons 
Foraminifera. Jonm. B. Mjcr. Soc, ser. 2, toL viiL 1888, 
pp. 533— >4o, pis. viiL ix. 

90. Idem. — On the Oocnrrenoe of Foraminifera in the Permo- 
Carboniferons Bocks of Tasmania. Bep. Adelaide Meeting 
Austral. Assoc. Adv. ScL for 1893 (1894). 

91. E. SpandeL — Die Foraminiferen des Permo-Carfoon von 
Hooser, Kansas, Nord-Amerika. Abhandl. Natnihist. Gesellsch. 
Kumberg, 1901, 30 pp. 

92. A. E. ron Beius. — Ueber Entomostniceen und Forami- 
niferen im Zechstein der Wetterau. Jahresbericht Wetterauer 
Gesellsch. 1851-1853 (1S54), pp. 59-77 and plate. Hanan. 

93. E. Spafidel. — Die Foraminiferen des deutschen Zechsteins 
imd ein zweifelhaftes microskopisches FossiL 1898. 15 pp. 
11 figures. Numberg. 

Tria^ and BJurtic. 

94. J. E. ron Ecuss. — Die fossile Fauna der Steinsalzablage- 
rungen von Wieliczka. Sitzungsb. k. Ak. Wiss. Wien, vol. Iv. 
Abth. 1, 1867, pp. 17-1S2, pis. i.-viii. (see pp. 62-107, pis. i.-v.) 

95. Idem. — Foraminiferen und Ostracoden aus den Schichten 
von St, Cassian. Sitzungsb. k. Ak. Wiss. Wien, vol. Ivii. Abth. 1, 
1868, pp. 101-lOS, pi. i. 

96. C. W. GiimbcL — Ueber Foraminiferen, Ostracoden imd 
mikroskopische Thier-Uebemesie in den St. Cassianer und Baibler 
S^hichtt-n. Jahrb. k. k. geoL Beichsanst. vol. xix. 1869, pp. 175- 
186, pis. V. and vi. 

97. C. Schicjjcr. — Rhaetic Foraminifera in Dittmar*s * Die 
Coniorta-Zone.' Mimich, lS6i, pp. 19S-201, pi. iii. 

98. F. dKipmau. — On some Foraminifera of Bhaetic Age from 
Wedmore. in Somerset. Ann. Mag. Nat. Hist. ser. 6, voL xvi. 
1895, pp. 305-329, 2 pis. 
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99. J, G, Bomemann, — Ueber die Liasformation in der Umge- 
gend von Gottingen, und ihre organischen Einschliisse. Berlin, 
1854. 

[An important work on Liassic Foraminifera.] 

100. C Schwager. — Beitrag zur Kenntniss der mikroskopischen 
Pauna jurassischer Schichten. Wiirttemberg. naturwiss. Jahres- 
hefte, vol. xxi. 1865, pp. 82-151, pis. ii.-vii. 

101. J, Kiibler ajid H. Zwingli. — Mikroskopische Bilder aus 
der Urwelt der Schweiz. Neujahrsblatt Biirgerbibliothek in 
Winterthur, 1866. 

102. 0. Terquem. — Recherches sur les Foraminif^res du Lias. 
■F^ublished in M6m. Acad. Imp. Metz, from 1858 to 1866 
(Q memoirs). 

103. Idem, — Sur les Foraminif^res du Syst6me Oolithique. 
^vi.l)lished in Bull. Soc. Hist. Nat. D6pt. Moselle, 1868, and M6m. 
-^ci. Imp. Metz, 1870-74. (4 memoirs.) A fifth memoir, Paris, 

i»e3. 

104. H, Zwingli and J. Kiibler. — Die Foraminiferen der 
S cilweiz. Jura. Winterthur, 1870. 49 pp. 4 pis. 

105. J, Wright. — A List of Irish Liassic Foraminifera. Proc. 
^^If. Nat. Field Club. 1870-71, Append, ii. pp. 25, 26. 

106. 0. Terquem and G. Bertheiin. — Etude Microscopique des 
blames du Lias Moyen d'Essey-16s-Nancy, Zone Inf6rieur de 
* -Assise k Ammonites margaritatics. M6m. Soc. G6ol. France, 
^^ir. 2, vol. X. M6m. 3, 1875, pp. 1-126, pis. xi.-xx. 

107. V. Ulili^.— J] eher Foraminiferen aus dem rjasan'schen 
^rnatenthone. Jahrb. K. K. geol. Reichsanst. vol. xxxiii. 1883, 
Pp. 735-774, pis. vii.-ix. 

108. B. Haeusler. — Die Astrorhiziden und Lituoliden der 
■^imammatuszone. Neues Jahrb. fiir Min. 1883, vol. i. pp. 55-61, 
pis. iii. iv. 

[Also many other works by the same author on Jurassic Foraminifera 
ptiblished in the * Neues Jahrbuch ' and elsewhere.] 

109. W. Deecke.—T>ie Foraminiferenfauna der Zone des Ste- 
Vhanoceras Humphries ianum in Unter-Elsass. Abhandl. geol. 

Z 
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Special-Earte Elsass-Lothringen, vol. iv. Heft 1, 1884, pp. l-6^t-^, 
pis. i. ii. Strassburg. 

110. TF. Deecke. — Les Foraminifferes de TOxfordien des EnviroEdms 
de Monb^liard (Doubs). M6m. Soc. 6mul. Montb^liard, 3* s6:r ^r. 
vol. xvi. 1886, pp. 1-47, pis. i. ii. 

111. 0. Terqtiem. — Les Foraminif^res et les Ostracodes d ^Mu 
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Varsovie. Bull. Soc. G6ol. France, s6r. il. vol. xiv. 1886, pp. 2(^M3, 
21 ; M6moires, s^r. 3, vol. iv. part 2, 1886, pp. 1-112, 12 pis. 

112. B. Haetiskr, — Die Lageninen der schweizerischen Jur^^3BL- 
und Bj'eideformation. Neues Jahib. fiir Min. 1887, vol. i. 
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113. Idem. — Bemerkungen iiber einige liasische Miliolide"~ 
Neues Jahrb. fiir Min. 1887, vol. i. pp. 190-194, pis. vi. vii. 



114. T, Wisniowski. — Mikrofauna ilow ornatowych okolicy Ki "S^- 

kowa. Cz^sc I. Otwornice g6rnego Kellowayu w Grojcu. Pami^tn ^ i^l* 




wydz. matem.-prz)Todn. Akad. Umiejetn. w Krakowie, vol. x v '* b^i 

1890, pp. 181-242, pis. viii.-x. Krakow. 

115. R. Hacusler, — Monographie der Foraminiferen der Trar=:M. s 
versarius-Zone. Abhandl. Schweiz. Palaont. Gesellsch. vol. ""i " '*^ 

1891, pp. 1-135, 15 pis. 

116. W. D. Crick and C, D. Sherbom. — On some Lias 
Foraminifera from Northamptonshire. Journ. Northampt. N 
Hist. Soc. vol. vi. 1891, pp. 208-214, vol. vii. 1892, pp. 67- 
2 pis. 

117. J. Pcrncr. — Ueber die Foraminiferen aus dem Tithon ^^^^^dl 
Stramberg. Bull. Acad. d. Sci. Boh^me, 1898, 3 pp. 1 pi. 

118. F. Chapman. — On some Foraminifera of Tithonian 
from the Stramberg Limestone of Nesselsdorf. Linn. Soc. Jo 
Zool. vol. xxviii. 1900, pp. 28-32, pi. v. 

Cretaceous. 

119. A. D. d' Orbigny.—M^moire sur les Foraminif^res d 
Craie Blanche du Bassin de Paris. M6m. Soc. G6ol. Fraxr:"-^^' 
vol. iv. 1840, pp. 1-51, pis. i.-iv. 

[Figures reproduced in * Science Gossip,* 1870, pp. 81-83, 106- :^ ^^' 
156-157.] 
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120. A, E, i?e7^5.— Die Versteinerungen der bohmischen 
K^x-cideformation. Stuttgart, 1845-1846. Plates. 

121. H, Eley. — Geology in the Garden ; or, the Fossils in the 
Flint Pebbles. London, 1859. See also Jones and Parker, Notes 
on Eley's Foraminifera from the English Chalk. Geol. Mag. 
vol. ix. 1872, pp. 123-126. 

[Excellent figures of Chalk Foraminifera and their Casts.] 

122. A. E, von Beuss, — Die Foraminiferen der westphalischen 
Kreideformation. Sitzungsb. K. Ak. Wiss. Wien, vol. xl. 1860, 
pp. 147-238, pis. i.-xiii. 

123. Idem. — Die Foraminiferen des norddeutschen Hils und 
Gtault. Sitzungsb. K. Ak. Wiss. Wien, vol. xlvi. Abth. 1, 1862 
(1863), pp. 5-100, pis. i.-xiii. 

124. T. B, Jones and W, K. Parker, — On the Foraminifera of 
tlxe [Family Rotalinse (Carpenter) found in the Cretaceous Forma- 
^ic>n, with Notes on their Tertiary and Eecent Representatives. 
Qviart. Joum. Geol. Soc. vol. xxviii. 1872, pp. 103-131. 

125. J. Wright. — A List of the Cretaceous Microzoa of the 
^ • of Ireland. Rep. and Proc. Belfast Nat. Field Club, 1873-74, 
"^I^pendix, 1875, pp. 73-99, pis. ii. and iii. 

126. T. Marsson. — Die Foraminiferen der weissen Schreib- 
:^^^^eide der Inseln Riigen. Mitth. nat. Ver. Neu-Vorpommern und 

^igen, Jahrg. x. 1878, pp. 115-196, pis. i.-v. Berlin. 

127. G. Berthelin. — M6moire sur les Foraminif^res Fossiles de 
^tage Albien de Moncley (Doubs). M6m. Soc. G6ol. France, 

. 3, vol. i. No. 5, 1880, pp. 1-84. 
,^ [An exhaustive monograph on the Foraminifera of the Gault of 

128. /. Wright. — Cretaceous Foraminifera of Keady Hill, Co. 
orry. Belfast Nat. Field Club, 1885-86 (1886), Appendix, 

. 327-332, pi. xxvii. 

129. H, W. Btirrows, C. D. Sherborn, and G. Bailey. — The 
-foraminifera of the Red Chalk of Yorkshire, Norfolk, and Lincoln- 
shire. Journ. Roy. Micr. Soc. 1890, pp. 549-566, pis. viii.-xi. 

130. F. Chapman. — The Foraminifera of the Gault of Folke- 
stone. Parts i. to x. in Journ. Roy. Micr. Soc. from 1891 to 1898. 

[The zonal distribution of the specimens described is a special feature 
^^ this work.] 
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131. F. Chapman. — Microzoa from the Phosphatic Chalk of 
Taplow. Quart. Joum. Geol. Soc. vol. xlviii. 1892, pp. 514-518, 
pi. XV. 

132. J, Perner. — Die Foraminiferen des bohmischen Cenomans. 
Deutsch. Bohm. Akad. 1892, pp. 1-65, 10 pis. 

133. F. CJiapman. — The Bargate Beds of Surrey and their 
Microscopic Contents. Quart. Journ. Geol. Soc. vol. 1. 189-4, 
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134. B. M. Bagg, — The Cretaceous Foraminifera of New 
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135. J. G. Egger, — Foraminiferen und Ostrakoden aus den 
Ereidemergeln der Oberbayerischen Alpen. Abhandl. K. Bayer. 
Akad. Wiss. CI. II. vol. xxi. Abth. 1, 1899, pp. 3-230, pis. 1-27. 

Tertiary^ Miscellaneous. 

136. G, Seguenza. — Le Formazioni Terziarie nella ProWncia 
di Keggio (Calabria). Atti R. Accad. Lincei, ser. 3, vol. vi. 1880, 
pp. 1-446, pis. i.-xvii. 

137. W, Iloiochin. — The Foraminifera of the Older Tertiary of 
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of the Middle Atlantic Slope. Bull. Amer. Palaeontology', vol. ii. 
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139. F, Cliapman. — Patellina Limestone from Egypt. Geol. 
Mag., U.S., Dec. 4, vol. vii. 1900, pp. 3-17, pi. ii. 

[Conulitea ccgypticnsis,] 

Eocene. 

140. C. W. Gilnibcl. — Beitriige zur Foraminiferenfauna der 
nordalpinen Eociingebilde. Abhandl. K. Bayer. Ak. Wiss. vol. x. 
(1868), 1870, pp. 581-730, pis, i.-iv. 

[An important luonograph, especially relating to the genus Orb ito idea,] 

141. Max von Haniken, — Die Fauna der Clavtdinn Szahdi 
Schichten. 1. Foraminiferen. Mitth. a. d. Jahrb. K. Ungar. geol. 
Anstalt, vol. iv. 1875 (1881), pp. 1-93, pis. i.-xvi. 
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de Paris. M6m. Soc. G6ol. France, ser. 3, vol. ii. m6m. 3, 1882, 
pp. 1-193, pis. ix.-xxviii. 

143. C Schwager. — Die Foraminiferen aus den Eocaenab- 
lagerungen der libyschen Wiiste und Aegyptens. PalsBonto- 
graphica. Vol. xxx. 1883, pp. 81-153, pis. xxiv.-xxix. Cassel. 

144. C, D, Sherbom and F, Chapman, — On some Microzoa from 
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London, 1885. Journ. R. Micr. Soc. ser. 2, vol. vi. 1886, pp. 737- 
764, 3 pis. Also ' Additional Note,' ibid, 1889, pp. 483-488, pi. xi. 

145. A, V. Jennings, — Note on the Orbitoidal Limestone of 
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pi. xiv. 

146. H, W. Burrows and B. Holland. — The Foraminifera of the 
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pp. 19-52, pis. i.-ii. 

147. F, Oiapman. — Tertiary Foraminiferal Limestones from 
Sinai. Geol. Mag. vol. vii. 1900, pp. 308-316 and 367-374, pis. 
xiii. xiv. 

Oligocene. 

148. A, D, d'Orbigny, — Foraminifferes Fossiles du Bassin 
Tertiaire de Vienne. Paris, 1846. 21 plates. 

149. J, G, Bomevmnn. — Die mikroskopische Fauna des Septa- 
rienthones von Hermsdorf, bei Berlin. Zeitschr. Deustch. geol. 
Gesellsch. vol. vii. 1855, pp. 307-371, pis. xii.-xxi. 
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von Gaas. Sitzungsb. K. Ak. Wiss. Wien, vol. lix. Abth. 1, 1869, 
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Pietzpuhl. Sitzungsb. K. Ak. Wiss. Wien, vol. Ixii. Abth. 1, 1870, 
pp. 455-493. 

[See the figured forms given by E.von Schlicht in *Die Foraminiferen 
de8 Septarienthones von PietzpnliL* Berlin, 1870. 38 plates.] 
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vol. i. 1850, pp. 365-390, pis. xlvi.-li. 
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1857. pp. 266-311, pis. v.-xv. 
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Vienna. 
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Kostej im Banat. Sitzungsb. K. Ak. Wiss. Wien, vol. Iviii. 
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158. B. D. M. Verbeek. — Description G^ologique de Java et 
Madoura. Amsterdam, 1896. Foraminifeia in vol. i. 11 plates. 

159. B. B, Newton and B. Holland. — On some Tertiary Fora- 
minifera from Borneo collected by Professor Molengraafif and the 
late Mr. A. H. Everett, and their Comparison with similar Forms 
from Sumatra. Ann. Mag. Nat. Hist. ser. 7, vol. iii. 1899, pp. 
245-264, pis. ix. and x. 

Pliocene. 

160. C. Schwager. — Fossile Foraminiferen von Kar-nicobar. 
Novara Exped., Geol. Theil, vol. ii. 1866, pp. 187-268, pis. iv.-vii. 
Vienna. 

161. T. B. Jones, W. K. Parker, and II. B. Brady. — A Mono- 
graph of the Foraminifera of the Crag. Part i. (Palasont. Soc. 
vol. xix.), 1866. Parts ii.-iv. 1895-1897. 
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18©5, pp. 213-216. 
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166. J, G, Egger, — Fossile Foraminiferen von Monte Barto- 
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167. A, Silvestri. — Foraminiferi pliocenici della provincia di 
iena. Parts i. and ii. Mem. Pont. Accad. Nuovi Lincei, vol. 

^ii, 1896, and vol. xv. 1898. Plates. 

Post-Pliocene. 

168. TF. Shone, — On the Discovery of Foraminifera, &c., in the 
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1874, pp. 181-185. 

169. J. Wright. — The Post-Tertiary Foraminifera of the north- 
east of Ireland. Proc. Belfast Nat. Field Club, 1879-1880 (1881), 
Appendix, pp. 149-163. 

170. D, Bobertson. — In Brit. Assoc. Rep., On the Character of 
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171. J. Wright.— In * The Glacio-Marine Drifts of the Vale of 
the Clwyd,* by T. Mellard Reade. Quart. Journ. Geol. Soc. vol. 
liii. 1897. 
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173. A. D. d'Orbigny. — Foraminif^res ; in Eamon de la 
Sagra's Histoire physique, politique et naturelle de File de Cuba. 
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182. /. G. Egg or. — Foraminiferen aus Meeresgrundproben, 
gelothet von 1874 bis 1876 von S. M. Sch. * GazeUe.' Abhandl. K. 
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183. A, Goes. — A Synopsis of the Arctic and Scandinavian 
Ilecent Marine Foraminifera hitherto discovered. K. Svenska 
Akad. Handl. Stockhohn, 1894, pp. 1-127, pis. i.-xxv. 
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1878. No. 25. Zoologi. Thalamophora. Christiania, 1899. 

189. C. Fomasini. — Globigerine Adriatiche. Mem. R. Accad. 
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INDEX 



Uln this Index the species name is placed first, with the genus in parentheses.^ 



^>y»8oru7n (Rhahdammina), 125, 
130 
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dimorphism in, 29 
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Apertures in Foraminifera, 35 
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minifera, 325 
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Sussex, foraminiferal sand of, 2, 8 
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F.R.S.E. With 66 Woodcms. Fcp. 8vo., y, 6d. 

BARE K— RAILWAY APPUANCES : a Description of Details 

of Raihray Construction subsequent to the completion of the Earthworks and 
Structures. By Sir John Wolfe Bakst. K.C.B.. F.R^. M.LCE. MTitb 
ai8 Woodcuts. FcpL 8vo.. 41. 6^. 

COOZ^iir^A: -MECHANICS APPLIED TO ENGINEERING. 

By John GOODMAN', Wh.Sch.. A.M.I.CE.. M.I.M.E.. Professor of Engineering 
in the Yorkshire CcJkge. Leeds ( Victoria Univeisty)^ With 6ao Ilhstrations 
and numerous Examples. Crown 8va, 71. 6t/. 



LOW, — A POCKET-BOOK FOR MECHANICAL EN- 
GINEERS. By David Allan Low (^lutworth Scholar), M.LMecfa.E., 
Profcssoc of Engineering, East London Technical College (Pteple's Palace), 
London. \\*ith over 1000 specially prepared Illustratioas. Fcp. 8iitx , giU edges, 
rounded comers, 7s, 6JL 

•SJ//7:£r.— GRAPHICS, or the Art of Calculation by Drawing 

Lines, applied espedallr to Mechanical Enginoeting. By Robekt H. Smith. 
P ro f e sso r of Engineering, Mason CoDege, Birmingham. Part I. With 
separate Atlas of 99 Plates containing 97 Diagrams. 8vo., 151. 

STONE W— THE THEORY OF STRESSES IX GIRDERS 

AND SIMILAR STRUCTURES: with Practicil Observations 00 the 
Strength aiMi other Properties of Materials. Br Bindok B. Stokkt. LUD.. 
F.R.S.. M.I.C.E. W'ith 5 PUtes and 143 IlhsL in tbeTezL Royal 8vol, 36s. 

t'A^f XV— Works by W. CA\\THORNE UMVIN, F.R.S., B.S.C. 
THE TESTING OF MATERIALS OF CONSTRUCTION. 

A Text>book for the Engiaecrmg L&boratocT and a CoDection of the Results 
of Expehment. W:Ui 5 Plates and 188 IZhstratiocis and Diagrams in the 
Teii, ;?va. iti>, net. 

OX THE DEVHLOPMENnr AND TRANSMISSION OF 

FOWEK FROM OEXTKAL STATIONS : ben^ the Howard Lectures 
de^:>«red at tbc S«>^<«tT of Arts a 1SC5. W^nh 81 Diagrams. Srou. lox. neL 

ir^^/?jrA.— ENGINEERING CONSTRUCTION IN IRON, 

STEEU ANP TlMBKji. Br WaxxAM Hexxt Waues. Oallis Professor 
:^ 0:tU aaki Meirhaisical Eax cJo iwr j ^. UnhcrsrtT of Sfdner. With 13 Folktng 
Phases and ;r5 I>*^r*=a&. Rcral 9m. 16^ 
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LONGMANS' CIVIL ENGINEERING SERIES. 

Edited by the Author of ' Notes on Building Construction '. 

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C. 

CoLSON, M.Inst.C.E., Deputy Civil £ngineer-in-Chief, Admiralty. With 365 
Illustrations. Medium 8vo., ais. net. 

CALCULATIONS IN HYDRAULIC ENGINEERING: a 

Practical Text- Book for the use of Students, Draughtsmen and Engineers. By 
T. Claxton Fidler, M.Inst.C.E., Professor of Engineering, University 
College, Dtmdee. 

Part I. Fluid Pressure and the Calculation of its Effects in En- 
gineering Structures. With numerous Illustrations and Examples. 8vo., 
6j. 6d. net. 

RAILWAY CONSTRUCTION. By W. H. Mills, M.LC.E., 

Engineer-in-Chief of the Great Northern Railway of Ireland. With 516 Illus- 
trations and Diagrams. 8vo. , i8j. net. 

PRINCIPLES AND PRACTICE OF HARBOUR CON- 
STRUCTION. By William Shield, F.R.S.E., M.Insi.C.E., and Executive 
Engineer, National Harbour of Refuge, Peterhead, N.B. With 97 Illustrations. 
Medium 8vo., 15J. net. 

TIDAL RIVERS: their (i) Hydraulics, (2) Improvement, (3) 

Navigation. By W. H. Whkelkr, M.Inst. CE. With 75 Illustrations. 
Medium 8vo., its. net. 



NAVAL ARCHITECTURE. 

ATTWOOD.— TEXT-BOOK OF THEORETICAL NAVAL 

ARCHITECTURE : a Manual for Students of Science Classes and Draughts- 
men Engaged in Shipbuilders' and Naval Architects' Dravring Offices. By 
Edward Lewis Attwood, Assistant Constructor, Royal Navy ; Member of 
the Institution of Naval Architects ; Lecturer on Naval Construction at the 
Royal Naval School, Greenwich. With 114 Diagrams. Crown 8vo., js, 6d. 

IVATSON.— NAVAL ARCHITECTURE : A Manual of Laying- 

off Iron, Steel and Composite Vessels. By Thomas H. Watson, Lecturer on 
Naval Architecture at the Diu-ham College of Science, Newcastle-upon-Tyne. 
With niunerous Illustrations. Royal 8vo., ly. net. 

MACHINE DRAWING AND DESIGN. 

ZO IV.— Works by DAVID ALLAN LOW, Professor of Engineer- 
ing, East London Technical College (People's Palace). 
IMPROVED DRAWING SCALES. 6</. in case. 
AN INTRODUCTION TO MACHINE DRAWING AND 

DESIGN. With 153 Illustrations and Diagrams. Crown 8vo, 2s. 6d, 

LOW AND BEVIS.—A MANUAL OF MACHINE DRAWING 

AND DESIGN. By David Allan Low and Alfred Wiluam BsviSp 
M.I.Mech.E. With 700 Illustrations. 8vo., ^s, 6d. 

l/NJV/M—TUE ELEMENTS OF MACHINE DESIGN. By 

W. Cawthorne Unwin, F.R.S. 
Part I. General Principles, Fastenings, and Transmissive 

Machinery. With 345 Diagrams, etc. Fcp. 8vo., ys. 6rf. 

Part 11. Chiefly on Engine Details. With 174 Woodcuts. 

Fcp. 8vo. , 4f. 6d. 
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WORKSHOP APPLIANCES, ETC. 

iV0^7WC(97T.— LATHES AND TURNING, Simple, Mecha- 
nical and Ornamental By W. H. Northcott. With 3^ Illustrations. 
8va, 185. 

5^jEZZJ? K— WORKSHOP APPLIANCES, including Descrip- 

tions of some of the Gauging and Measuring Instruments, Hand-cutting Tools, 
Lathes, Drilling, Planeing, and other Macmne Tools used by Engineers. By 
C. P. B. Shelley. M.I.C.E. With an additional Chapter on Milling by R. 
R. Lister. With 323 Woodcuts. Fcp. 8vo., 5J. 



MINERALOGY, METALLURGY, ETC. 

BAUERMAN.—V^oxks by HILARY BAUERMAN, F.G.S. 
SYSTEMATIC MINERALOGY. With 373 Woodcuts and 

Diagrams. Fcp. Bva , ts. 

DESCRIPTIVE MINERALOGY. With 236 Woodcuts and 

Diagrams. Fcp. Svo., 6s. 

GOI^E.—TKE ART OF ELECTRO-METALLURGY, including 

aU known Processes of Electro-Deposition. By G. Gore, LL.D., F.R.S. 
With 56 Woodcuts. Fcp. 8va . 6j. 

HUNTINGTON and MCMILLAN —METALS : their Properties 

and Treatment By A. K. Huntington, Professor of Metallurgy in King's 
College, London, and W. G. M'Millan, Lecturer on Metallurgy in Mason's 
College, Birmingham. With 122 Illustrations. Fcp. 8vo., 7J. 6d, 

J^IfEAJ?.— METALLURGY. An Elementary Text-Book. By 

E. C. Rhead. Lecturer on Metallurgy at the Municipal Technical School, 
Manchester. With 94 Illustrations. Fcp. Svo. , 31. 6d, 

RUTLEY.—THE STUDY OF ROCKS: an Elementary Text- 
book of Petrology. By F. Rutley, F.G.S. With 6 Plates and 88 Woodcuts. 
Fcp. Svo. , 4J. 6d. 



ASTRONOMY, NAVIGATION, ETC. 
-rf^^CTT.— ELEMENTARY THEORY OF THE TIDES: 

the Fundamental Theorems Demonstrated without Mathematics and the In- 
fluence on the Length of the Day Discussed. By T. K. Abbott, B.D.. Fellow 
and Tutor, Trinity College, Dublin. Crown Svo., ar. 

^^ZZ.— Works by Sir ROBERT S. BALL, LL.D., F.R.S. 
ELEMENTS OF ASTRONOMY. With 130 Figures and Dia- 

grams. Fcp. Svo., 6s. 6d. 

A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. 

Fcp. Svo., IS. 6d. 
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ASTRONOMY, NAVIGATION, ETC-C^MitHued. 

DE CAMFIGNEULLES. — O'&^EViV XVIO^S^ TAKEN AT 

DUMRAON. BEHAR. INDIA, during the Eclipse of the 22nd January. 1898, 
by a Party of Jesuit Fathers of the Western Bengal Mission. By the Kev. V. 
DE Campigneulles, S.J. With 14 Plates. 4to., zar. 6</. neL 

C/ZZ.— TEXT-BOOK ON NAVIGATION AND NAUTICAL 

ASTRONOMY. By J. Gill. F.R.A.S.. late Head Master of the Liverpool 
Corporation Nautical College. 8va . 10s. 6d, 

IfEJ^ SCJIEZ.— OUTLI^^ES OF ASTRONOMY. By Sir John 

F. W. Herschbl, Bart. K.H., etc With 9 Plates and numerous Diagrams. 

BVO.. I2J. 

jrOJ^DAM--ESSAYS IN ILLUSTRATION OF THE ACTION 

OF ASTRAL GRAVITATION IN NATURAL PHENOMENA. By 
William Leighton Jordan. With Diagrams. 8vo..9f. 

LAUGHTON,—KY^ INTRODUCTION TO THE PRAC- 
TICAL AND THEORETICAL STUDY OF NAUTICAL SURVEYINa 
By John Knox Laughton,M.A.,F.R.A.S. With 35 Diagrams. Crown 8Ta,6j; 

LOWELL, — MARS. By Percival Lowell, Fellow American 

Academy, Member Royal Asiatic Society, Great Britain and Ireland, etc. 
With 24 Plates. 8vo.. iqj. 6</. 

J/^7?77iV:— NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Stafif Commander W. R. Martin. R.N. Royal 8va, x8j. 

MERRIFIELD.—k TREATISE ON NAVIGATION. For 

the Use of Students. By J. Mbrrifibld, LL.D., F.R.A.a. F.M.S. With 
Charts and Diagrams. Crown 8va , y . 

A47?^jE:^.— ELEMENTS OF ASTRONOMY. With Numerous 

Examples and Examination Papers. By George W. Parker, M.A.. of 
Trinity College, Dublin. With 84 Diagrams. Svo. , 51. 6</. net, 

H^^^^.— CELESTIAL OBJECTS FOR COMMON TELE- 
SCOPES. By the Rev. T. W. Webb, M.A.. F.R.A.S. Fifth EdiUon, 
Revised and greatly Enlarged by the Rev. T. E. Espin, M.A., F.R.A.S. (Two 
Volumes.) Vol I., with Portrait and a Reminiscence of the Author, a Plates, 
and numerous Illustrations. Crown Bva, 6j. Vol II., with numerous Illustra- 
tions. Crown Svo. , ts. 6d. 



WORKS BY RICHARD A. PROCTOR. 

THE MOON : Her Motions, Aspect, Scenery, and Physical 

Condition. With many Plates and Charts, Wood Engravings, and a Lunar 
Photographs. Crown Svo. , y. 6d. 

OTHER WORLDS THAN OURS: the Plurality of Worlds 

Studied Under the Light of Recent Scientific Researches. With 14 Illustrations; 
Map, Charts, etc Crown Svo. , y. 6d, 

OUR PLACE AMONG INFINITIES : a Series of Essays con- 
trasting our Little Abode in Space and Time with the Infinities around us. 
Crown Svo., y. 6d, 

[over. 
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WORKS BY RICHARD A. RROCTOR-dmUmmed. 

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 
LIGHT SCIENCE FOR LEISURE HOURS: Familiar Essays 

OD Scientific Subfects, Natural PbawaiCDa, etc VoL L Crown 8n>., y, 6i, 

THE ORBS AROUND US; Essays on the Moon and Planets, 

Meteors and Comets, the Son and Cokmred Psain of SonsL Crown 8nx,3s: 6^ 

THE EXPANSE OF HEAVEN : Essays on the Wonders of the 

FirmamenL Crown 8to. . 31. 6t^ 

OTHER SUNS THAN OURS : a Series of Essays on Suns— Old, 

Young, and Dead, \\lth other Scknoe Gleanings^ Two Essays on Whist, 
and Correspondence with Sir John Herschd. With 9 Star-Mafis and Diagrams. 
Crown 8tol, y. 6d. 

HALF-HOURS WITH THE TELESCOPE : a Pc^mlar Guide 

to the Use of the Tdescope as a means of Amusement and I n s tru c ti on. With 
7 Plates* Fcp. Svo., 2f. 6<f. 

NEW STAR ATLAS FOR THE LIBRARY, the School, and 

the Otservatorj. in Twdve Circular Maps (with Two Index-Plaies). With an 
Introduction on the Study of the Stars^ Illustrated by 9 Diagrams. Cr. Svo., 51. 

THE SOUTHERN SKIES: a Plain and Easy Guide to the 



Constellations of the Southern Hemisphere Showing in la Maps the position 
of the principal Star-Groi^s night after night throDg^bout the year. With an 
Introduction and a separate Elipb nation of each Map. True fits' every Year. 

HALF-HOURS WITH THE STARS : a Plain and Easy Guide 

to the Knowledge of the ConsteOatioos. Showing in la Maps the position d 
the principal Sur-Groops night after night throughout the year. With lodtro- 
doctioo and a separate Explanatioa of each ^lap. Tnx for every Year. 
4to.. y. 6d, 

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 

In Tw^ve Circular Maps, showing 6000 Stars, 1500 Double Stars, N^mlfle, etc. 
>Mth a Index-Plates. Folio, ic*. 

THE STARS IN THEIR' SEASONS : an Easy Guide to a 

Knowledge of the Star-Groups. In la Large Maps. Imperial Svol , 5^. 

ROUGH WAYS MADE SMOOTH. Familiar Essays on 

Scientific Subjects. CrowTi Svo.. y. 6kf. 

PLEASANHT WAYS IN SCIENCE. Crown Svo., y. bd. 
NATURE STUDIES. By R. A. Proctor, Grant Allen, A. 

Wa.soN. T. FosTES. and £1. Clcddl Crown 8vol, 51;. 6cf. 

LEISURE READINGS. By R. A Proctor, E. Clodd, A. 

Wilson. T. Fqstex. ar.d .A. C. Raxtard. Crown 8ro., y. 6d, 

PHYSIOGRAPHY AND GEOLOGY. 
BIRD.-\\ox\s oy CHARLES BIRD, B^\. 

ELEMENTARY GEOLOGY. With Geological Map of the 

Briish Isles, and a47 mastraticns^ Crown Sra., ai. 6^1 

ADYANCED GEOLOGY. A Manual for Students in Advanced 

Oasses azKl for General Readers With o«rr 300 Onstratioas. a Geological 
Map oL tbc Br.iish Isl-es ,cokxined , and a xt of Qoescons for Examination. 
Crv>wn Stol, 7/. 6i/. 
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PHYSIOGRAPHY AND OE,OIX>G)[-Conh'nued, 

GI^££J\r.—?K\SlCAL GEOLOGY FOR STUDENTS AND 

GENERAL READERS. By A. H. Grekn, M.A, F.G.S. With 236 lUus- 
trations. 8vo., 21 j. 

MORGAN.— y^oxVs by Alex. Morgan, M.A., D.Sc, F.R.S.E. 
ELEMENTARY PHYSIOGRAPHY. Treated ExperimentaUy. 

With 4 Maps and 243 Diagrams. Crown 8vo., or. 6d, 

^ ADVANCED PHYSIOGRAPHY. With 215 Illustrations. 

Crown 8vo., 4J. 6d. 

TlfORNTON— Works by J. THORNTON, M.A. 
ELEMENTARY PRACTICAL PHYSIOGRAPHY. 

Part I. With 215 Illustrations. Crown 8vo., 2s. 6d. 

Part II. With 98 Illustrations. Crown Svo., 2s. 6d. 
ELEMENTARY PHYSIOGRAPHY : an Introduction to the 

Study of Nature. With 13 Maps and 295 Illustrations. With Appendix on 
Astronomical Instruments and Measurements. Crown 8vo., or. 6a. 

ADVANCED PHYSIOGRAPHY. With 11 Maps and 255 

Illustrations. Crown Svo., 4s. td, 

NATURAL HISTORY AND GENERAL SCIENCE. 

jBeddard.—tue structure and classification 

OF BIRDS. By Frank E. Beddard. M.A, F.R.S., Prosector and Vice- 
Secretary of the Zoological Society of London. With 253 Illus. Bva, au. net. 

J^URNEAUX,— Works by WILLIAM FURNEAUX, F.R.G.S. 
THE OUTDOOR WORLD ; or, The Young Collector's Hand- 

book. With 18 Plates, 16 of which are coloured, and 549 Illustrations in the 
Text. Crown Svo. , ts. net. 

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 

and 331 Illustrations in the Text. Crown Svo. , ts. net. 

BUTTERFLIES AND MOTHS (British). With 12 Coloured 

Plates and 241 Illustrations in the Text. Crown Svo., 6s. net 

HUDSON.— BKYYlSn BIRDS. By W. H. Hudson, C.M.Z.S. 

With 8 Coloured Plates from Original Drawings by A. Thorburn, and 8 Plates 
and 100 Figures by C. El. Lodge, and 3 Illustrations from Photographs. 
Crown 8vo., 6s. net. 

NANSEN. — TU^. NORWEGIAN NORTH POLAR EX- 
PEDITION, 1893-1896 : Scientific Results. Edited by Fridtjof Nanskn. 
Voliune I. With 44 Plates and numerous Illustrations in the Text Demy 

4to. , 40;. net. 
Contents: The i-Vam— The Jurassic Fauna of Cape Flora. With a Geological Sketch 
of Cape Flora and its Neighbourhood— Fossil Plants from Franx Josef Land— An Account of 
the Birds— Crusucea. 

Volume II. With 2 Charts and 17 Plates. Demy 410., ooj. net 
Contents : Astronomical Observations— Terrestrial Magnetism— Results of the Pendulum 
—Observations and some Remarks on the Constitution of the Earth's Crust. 

ORMEROD.—BKYnSH SOCIAL WASPS : An Introduction 

to their Anatomy and Physiology, Architecture and General Natural History. 
With 14 Plates illustrating the Different Species and their Nests. By Edward 
Lathan Ormerod, M.D. Crown 8vo., 10s. 6d. 

STANLEY.— h FAMILIAR HISTORY OF BIRDS. By E. 

Stanley, D.D., formerly Bishop of Norwich. With 160 Illustrations. Crown 
Svo. , y. 6d. 
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MEDICINE AND SVRQERY-OanNmiea. 

CHEYNE AND BURGHARD,—K MANUAL OF SURGICAL 

TREATMENT. By W. Watson Chkyne, C.B.. M.B., F.R.C.S., F.R.&, 
Professor of Surgery in King's Collie, London, Surgeon to King's College 
Hospital, etc. ; and F. F. Burgh akd, M.D. and M.S., F.R.C.S.. Teacher of 
Practical Surgerv in King's College, London, Surgeon to King's College, 
Hospital (Lond.), etc. 

Part L The Treatment of General Surgical Diseases, including 

Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Compli- 
cations, Infective Diseases and Tumours ; the Administration of Anaesthetics. 
With 66 Illustrations. Royal 8vo., lo^. ^, [Ready, 

Part n. The Treatment of the Surgical Affections of the Tissues, 

including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic 
Vessels and Glands, the Fasciae, Bursae, Muscles. Tendons and Tendon- 
sheaths, Nerves, Arteries and Veins. Deformities. With 141 Illustrations^ 
Royal 8vo., 141. [Ready, 

Part in. The Treatment of the Surgical Affections of the Bones. 

Amputations. With 100 Illustrations. Royal 8vo., I2j. 

Part IV. The Treatment of the Surgical Affections of the Joints 

(including Excisions) and the Spine. With 138 Illustrations. Royal 8va , 141. 

Part V. The Treatment of the Surgical Affections of the Head,. 

Face, Jaws, Lips, Lamyx and Trachea ; and the Intrinsic Diseases of the 
Nose, Ear and Larynx, by H. Lambert Lack, M.D. (Lond.), F.R.C.S., 
Surgeon to the Hospital for Diseases of the Throat, Golden Square, and to 
the Throat and Ear Department, The Children's Hospital, Paddingtoa 
Green. With 145 Illustrations. Royal 8vo., i&r. 

CLi4i?/«:E.— POST-MORTEM EXAMINATIONS IN MEDICO- 
LEGAL AND ORDINARY CASES. With Special Chapters on the Legal 
Aspects of Post-mortems, and on Certificates of Death. Bv J. Jackson 
Clarke, M.B. Lond., F.R.C.S., Assistant Surgeon at the North-west London 
and City Orthopaedic Hospitals, etc. Fcp. 8vo., 2j. 6d. 

COATS^—k MANUAL OF PATHOLOGY. By Joseph 

Coats, M.D., late Professor of Pathology in the University of Glasgow. 
Fourth Edition. Revised throughout and ^ited by Lewis R. Sutherland, 
M.D., Professor of Pathology, University of St. Andrews. With 490 Illustra- 
tions. 8vo., 31J. dd. 

COOKE,— y^oxVs by THOMAS COOKE, F.R.C.S. Eng., B.A., 

B.Sc, M.D., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstra- 
tions given in the Westminster Hospital Medical School. Eleventh Edition 
in Three Parts, thoroughly brought up to date, and with over 700 Illustra- 
tions from all the best S>urces, British and Foreign. Post 4to. 

Part L The Bones, ts. 6d, net. 

Part n. Limbs, Abdomen, Pelvis. 10s, 6d. net. 

Part HL Head and Neck, Thorax, Brain. 10s, 6d, net. 

APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including 100 T)rpical vivd voce Questions on Surface Marking, 
etc. Crown 8vo., y. 6d. 

DISSECTION GUIDES. Aiming at Extending and Facihtating 

such Practical work in Anatomy as will be specially useful in connection with 
an ordinary Hospital Curriculum. 8vo. , xor. 6d. 
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DAKIN.—K HANDBOOK OF MIDWIFERY. By William 

Radford Dakin, M.D., F.R,C.P., Obstetric Physician and Lecturer on 
Midwifery at St George's Hospital, etc. With 394 Illustrations. Large 
crown 8va , i8i. 

DICKINSON,-^oi\is by W. HOWSHIP DICKINSON, M,D. 
Cantab., F.R.C.P. 
ON RENAL AND URINARY AFFECTIONS. With 12 

Plates and 122 Woodcuts. Three Parts. 8vo., ^^3 41, dd, 

THE TONGUE AS AN INDICATION OF DISEASE; 

being the Lumleian T..ectures delivered March, 1888. 8vo., js. 6d. 

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855. 

1896. 8vO.. I2J. 

MEDICINE OLD AND NEW. An Address Delivered on 

the Occasion of the Opening of the Winter Session. 1 899-1900, at St George's 
Hospital Medical School, on 2nd October, 1899. Crown 8vo., aj. 6d. 

DUCKlVOJ^TIf,— Works by Sir DYCE DUCKWORTH, M.D., 
LL.D., Fellow and Treasurer of the Royal College of Phy- 
sicians etc* 
THE SEQUELS OF DISEASE : being the Lumleian Lectures, 

1896. 8vo., los. 6d. 

THE INFLUENCE OF CHARACTER AND RIGHT 

JUDGMENT IN MEDICINE : the Harveian Oration, 1898. Post 4to. 

2J. 6d. 

ERICHSEN.—TU^ SCIENCE AND ART OF SURGERY; 

a Treatise on Surgical Injuries, Diseases, and Operations. By Sir John Eric 
Erichsbn, Bart., F.R.S., LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland. 
Illustrated by nearly 1000 Engravings on Wood. 2 vols. Royal 8vo., 48J. 

FOWLER AND GODLEE.— THE DISEASES OF THE 

LUNGS. By James Kingston Fowler, M.A., M.D., F.R.C.P., Physician 
to the Middlesex Hospital and to the Hospital for Consumption and Diseases 
of the Chest, Brompton, etc. ; and Rickman John Godlee, Honorary Surgeon 
in Ordinary to His Majesty, M.S., F.R.C.S., Fellow and Professor of Clinical 
Surgery, University College, London, etc. With 160 Illustrations. 8vo., 251. 

G A RROD,— Works by Sir ALFRED BARING GARROD, 
M.D., F.R.S., etc. 
A TREATISE ON GOUT AND RHEUMATIC GOUT 

(RHEUMATOID ARTHRITIS). With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations engraved on Wood. 8vo., aw. 

THE ESSENTIALS OF MATERIA MEDICA AND THERA- 
PEUTICS. Crown 8vo., 12s. 6d. 

GOODSALL AND M/ZES,-— DISEASES OF THE ANUS AND 

RECTUM. By D. H. GooDSALL, F.R.C.S., Senior Surgeon, Metropolitan 
Hospital ; Senior Surgeon, St. Mark's Hospital ; and W. Ernest Miles, 
F.R.C.S., Assistant Surgeon to the Cancer Hospital, Surgeon (out-patients)', 
to the Gordon Hospital, etc. (In Two Parts.) Part I. With 91 Illustrations.* 
8vo., 7s. 6d. net. 
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GRA y.— ANATOMY, DESCRIPTIVE AND SURGICAL. By 

Henry Gray, F.R.S. The Fifteenth Edition, Enlarged, edited by T. 
Pickering Pick, F.R.C.S., Consulting Surgeon to St. George's Hospital, 
and by Robert Howdbn, M.A., M.B., CM., Profess9r of Anatomy in the 
University of Durham. With 772 large Woodcut Illustrations, a lai^ pro 
portion of which are Coloured, the Arteries being coloured red, the Veini 
blue, and the Nerves yellow. The attachments of the muscles to tbe bones, 
in the section on Osteology, are also shown in coloured outline. Royal 
8vo., 32J, 

HALLIBURTON,— \^oxV& by W. D. HALLIBURTON, M.D., 
F.R.S., Professor of Physiology in King's College, London. 

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND 

PATHOLOGY. With X04 Illustrations. 8vo.. aSif. 

ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 77 

Illustrations. 8vo., 5J. 

L^iSTG.— THE METHODICAL EXAMINATION OF THE 

EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students 
and Practitioners. By Wiluam Lang, F.R.C.S. Eng., Surgeon to the Royal 
London Ophthalmic Hospital, MooriSelds, etc. With 15 Illustrations. 
Crown 8vo., y. 6d 

LI VEING.— HANDBOOK ON DISEASES OF THE SKIN. 

With especial reference to Diagnosis and Treatment. By Robsrt Livkino, 
M.A. and M.D., Cantab., F.R.C.P. Lond., etc., Physician to the Department 
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Ll/FF.— TEXT -BOOK OF FORENSIC MEDICINE AND 

TOXICOLOGY. By Arthur P. Luff, M.D., B.Sc (Lond.), Physician 
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P/CH:.— SURGERY : a Treatise for Students and Practitioners. 

By T. Pickering Pick, Consulting Surgeon to St. George's Hospital ; Senior 
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PROB YN' WILLI AMS.—K PRACTICAL GUIDE TO THE 
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Lecturer in Anaesthetics at the London Hospital Medical College, etc. Crown 
Svo., 41. 6d, net. 
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With 224 Illus. Royal 8vo., iii. 

Vol. II.. Part II. MYOLOGY— 
ANGEIOLOGY. ByG.D. Thane. 
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Practical. For the Use of Students. Illustrated by nearly 400 Figures. Fifth 
Edition, Revised and Enlarged. 8vo., &r. 

PRACTICAL DIRECTIONS FOR CLASS WORK IN 
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SCHEiSTi:.— MANUAL OF BACTERIOLOGY. For Practi- 
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SMALE AND COLYER. DISEASES AND INJURIES OF 

THE TEETH, including Patholo^ and Treatment : a Manual of Practical 
Dentistry for Students and Practitioners. By MORTON Smale, M.R.C.S., 
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Large crown Svo. 

SMITH {If. E). THE HANDBOOK FOR MIDWIVES. By 
Henry Fly Smith, B.A., M.B. Oxon., M.R.C.S. 41 Woodcuts. Cr. Sva, 5J. 

STE VENSOM—WOVNDS IN WAR : the Mechanism of their 
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AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third 
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WEICHSELBA UM.— THE ELEMENTS OF PATHOLOGI- 
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tVIZ/^S AND MOXOM—LECTVRES ON PATHOLOGICAL 

ANATOMY. By Sir Samuel Wilks, Bart. , M. D. , F. R.S. , Past President of 
the Royal College of Physicians, and the late Walter Moxon, M. D., F. R.C.P., 
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FITZJVVGI^ AM, —HORSES AND STABLES. By Lieut.- General 
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-Sr^^Z. —Works by JOHN HENRY STEEL, F.R.C.V.S., F.Z.S., 
A.V.D., late Professor of Veterinary Science and Principal of 
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A TREATISE ON THE DISEASES OF THE DOG ; being 
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Practitioners and Students. With 88 Illustrations. Svo. , los 6d. 

A TREATISE ON THE DISEASES OF THE OX ; being a 

Manual of Bovine Pathology. Especially adapted for the use of Veterinary 
Practitioners and Students. With s Plates and 117 Woodcuts. Svo. 15J. 

A TREATISE ON THE DISEASES OF THE SHEEP ; being 

a Manual of Ovine Pathology for the use of Veterinary Practitioners and 
Students. With Coloured Plate and 99 Woodcuts. Svo. , 12s. 
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ASHBK— NOTES ON PHYSIOLOGY FOR THE USE OF 

STUDENTS PREPARING FOR EXAMINATION. By Henry Ashby, 
M.D. Lond., F.R.C.P., Physician to the General Hospital for Sick Children, 
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Medicine. With 148 Illustrations. i8mo. , 55. 

BAJ^JVETT.— THE MAKING OF THE BODY : a Children's 

Book on Anatomy and Physiology. By Mrs. S. A. Barnett. With X13 Illus- 
trations. Crown Svo. , is. gd. 

BEDDAJ^D.— Works by FRANK E. BEDDARD, M.A. Oxon. 
ELEMENTARY PRACTICAL ZOOLOGY. With 93 Illustra- 

tions. Crown Svo. , as. 6d. 

THE STRUCTURE AND CLASSIFICATION OF BIRDS. 

With 252 Illustrations. Svo., 211. net. 

BIDGOOD.—k COURSE OF PRACTICAL ELEMENTARY 

BIOLOGY. By John Bidgood, B.Sc., F.L.S. With 226 Illustrations. 
Crown Svo. , 4J. 6rf. 

BRA K— PHYSIOLOGY AND THE LAWS OF HEALTH, in 

Easy Lessons for Schools. By Mrs. Charles Bray. Fcp. Svo. , xs, 

BRODIE. — TYLE ESSENTIALS OF EXPERIMENTAL 

PHYSIOLOGY. For the Use of Students. By T. G. Brodie, M.D., Lecturer 
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Illustrations m the Text. Crown Svo. , 6j. dd, 

CURTIS.— TYLE ESSENTIALS OF PRACTICAL BACTERI- 

OLOGY : An Elementary Laboratory'Book for Students and Practitioners. By 
H. J. Curtis, B.S. and M.D. (Lond. ), F. R. C.S. With 133 Illustrations. Svo. , 9*. 

/?y?^iVirZ^iVZ>.— MICRO-ORGANISMS IN WATER. To- 

gather with an Account of the Bacteriological Methods involved in their 
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Sanitary Aspects of Water-Supply. By Percy Frankland, Ph.D., RSc. 
(Lond.), F.R.S. , and Mrs. Percy Frankland. With 2 Plates and Ntunerous 
Diagrams. Svo., i6j. net. 

FURNEA 6^Ar.— HUMAN PHYSIOLOGY. By W. Furneaux, 

F.R.G.S. With 218 Illustrations. Crown Sva, 2j. 6^. 

HUDSON AND GOSSE.— THE ROTIFERA, or 'WHEEL- 

ANIMACULES'. By C. T. Hudson, LL.D., and P. H. Gosss, F.R.a 
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Supplement 12s. 6d. Complete in 2 vols. , with Supplement, 4ta , ^'4 4s. 

MA CAZISTER.— Works by ALEXANDER MACALISTER, 
M.D. 
AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY 

AND MORPHOLOGY OF VERTEBRATE ANIMALS. With 41 
Diagrams Sva, 10s. 6d, 

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 

59 Diagrams. Fq>. 8vo., u. 6d, 

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 77 
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8vo., 7s, 6d, net. 

Jlf(9(9^^.— ELEMENTARY PHYSIOLOGY. By Benjamin 
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MORGAN.— k^lUKL BIOLOGY : an Elementary Text-Book. 
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SC/fENK— MANUAL OF BACTERIOLOGY, for Practitioners 
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THORNTON.— UVUAll PHYSIOLOGY. By John Thornton, 
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^/rA:LEiV: — ELEMENTARY TEXT-BOOK OF BOTANY. 
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BENNETT and MURRAY.— YiAYkXy^OOY^ OF CRYPTO- 

GAMIC BOTANY. By Alfred W. Bennett. M.A., RSc, F.L.S., Lecturer 
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CURTIS.— A TEXTBOOK OF GENERAL BOTANY. By 
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U.S. A. With 87 Illustrations. 8vo., xai. net. 
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ELEMENTARY BOTANY. With 342 Illustrations. Cr.8vo.,2x.6^. 
BOTANY FOR BEGINNERS. With 85 lUustrations. Fcp. 
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FARMER.— A PRACTICAL INTRODUCTION TO THE 

STUDY OF BOTANY: Flowering Plante. ByJ. BretlandFarmer. F.R.S., 
M.A., Professor of Botany in the Royal College of Science, London. With 121 
Illustrations. Crown Svo, as. 6d. 

KITCHENER.— A YEAR'S BOTANY. Adapted to Home and 

School Use. By Frances A. Kitchener. With 195 Illustrations. Cr.8vo.,5x. 

LINDLEY AND MOORE.— THE TREASURY OF BOTANY. 

Edited by J. LiNDLBY. M.D., F.R.S., and T. MooRE. F.L.S. With 90 Stee 
Plates and numerous Woodcuts. Two parts. Fcp. 8vo., laf. 
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CLASSIFICATION OF PLANTS. 
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SORA UER.—k POPULAR TREATISE ON THE PHYSIO- 
LOGY OF PLANTS. By Dr. Paul Sorauer. Translated by F. E. Weiss, 
B.Sc., F.L.S. With 33 lUustrations. 8vo., qj. net. 
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LOGICAL BOTANY. By Otto Wilhelm ThomA and by Alfred W. 
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COLEMAN AND AL>L>VMAN. — FRACT1CAL AGRICUL- 
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Frank T. Addyman, B.Sc. (Lond.), F.I.C. With 24 Illustrations. Crown 
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